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THE PORT ORCHARD DRY DOCK, built for the U. S. 
navy at Seattle, Wash., was formally opened April 23, 
by the entrance of the monitor ‘‘Monterey.’’ The dock 
is of timber construction, and was illustrated and described 
in detail in our issues of May 19, 1892, and Jan. 24, 1895. 
The contract for the work was awarded in Oct., 1892, to 
Byron, Barlow & Co. The general dimensions are as 
follows: 

Length over all........+05- eee 
Length over coping.........4+ «sees. moe 4 
Length on floor.. : 

Width over coping at middle..... 0 ** 
Width om ff0or......02 seee- : 
Width of entrance ...... he 
Height from floor to coping 
Height from sill to high-water line........ 30 “ 
Height from keel blocks to high-water line. . ” 

Siidalidih ete niece 


749 ft. 
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THE ELECTRICAL EXPOSITION, held in connection 
with the nineteenth convention of the National Electric 
Light Association, was formally opened by Governor Mor- 
ton, on the evening of May 4, in the Industrial Building, 
New York city. Simultaneously with the pressing of the 
key the current, which was furnished by the new Niagara 
generators, fired cannon in Augusta, Me., New Orleans, 
La., St. Paul, Minn., and San Francisco, Cal., and on its 
return turned on the lights of the exposition hall. In 
a few moments telegrams were read from San Francisco 
and London, announcing the receipt of the opening mes- 
sage. The speakers’ gallery was illuminated by a frame of 
McFarland Moore’s vacuum tubes, which gave sufficient 
light for the reading of the telegrams. The hall is 
crowded with exhibits representing all branches of the 
electrical industries. The exposition will continue until 
May 30. We shall present reviews of the exhibits in 
later issues, 


A PRE-ARRANGED RAILWAY COLLISION is to be 
one of the attractions at the opening of Buckeye Park, 
a pleasure resort 25 miles south of Columbus, 0. The 
Columbus, Hocking Valley & Toledo Ry. has assigned 
two 35-ton locomotives, which have outlived their use- 
fulness for economical service, and to each of these will 
be attached three old gondola cars and a caboose. A 
siding 1,000 ft. long has been laid, connected at each end 
with the main track, and the trains will be started from 
points about half or three-quarters of a mile from the 
middle of the siding. A trial trip has showed that a 
speed of 45 to 50 miles per hour may be expected. The 
engines are to carry 120 Ibs. boiler pressure, and are to 
have the throttles wide open. What means will be t\xken 
to protect the spectators in case of the possibility of a 
boiler explosion we do not know. The above particulars 
have been furnished us by Mr. W. H. Fisher, General 
Passenger Agent, who is arranging for a large excursion 
traffic to this novel attraction. 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week was the derailment of an express train on the Balti- 
more & Ohio R. R., near Washington, Pa., April 30. It 
is said that one of the engine truck axles broke, and the 
engine, tender and baggage car were upset. The fireman 
was killed and the engineman and express messenger 
were seriously injured.——-An embankment weakened by 
& foed caused the track to settle and derail a train on 


“City, N. J., is now under construction. 
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the Illinois Central R. R., near Raymond, Ia., April 28. 
The engine, baggage car and smoking car passed in 
safety but the three rear passenger cars were derailed 
and about 12 persons were slightly injured. 
> 
FOUR EXPLOSIONS IN THE SUBWAYS of the New 
York & New Jersey Telephone Co. occurred in Brooklyn 
Aprit 30, and in two cases the heavy iron manholes were 
blown high into the air. Nobody was hurt. 
> 
THE EXPLOSION OF A STILL at the Standard Oil 
Co.'s works at Constable Hook, New York, on May 2 
caused a large quantity of benzine to catch fire, and it 
was with difficulty that the fire was prevented 
spreading through the yards. Nobody was hurt. 


irom 


THE COLLAPSE OF A BUILDING at Cincinnati, O., 
resulted from the explosion of a gasoline tank in the 
cellar, May 4. Six dead bodies were taken from the ruins 
and many persons were seriously injured. The building 
was a five-story brick structure, tne upper floors of whica 
were let to ledgers. 

TWO RECENT FIRES AT CRIPPLE CREEK, COLO., 
have almost entirely destroyed this new and famous min- 


ing center. 
=e 


A FIRE IN AN ANTHRACITE COAL M.NE, whicn 
has been burning since 1875 in one of the veins of the 
Anchor colliery, at Heckscherville, Pa., causing the 
abandonment of the mine together with two others in 
the vicinity, has been explored recently, and found te be 
still burning, but in a contracted area. It has now been 
decided by the owner, the Philadeipuia & Reading Coal 
& Iron Co., to wall in the burning vein, and tw sink 
slopes on each side of the confined area so that the ad- 
joining coal can be reached. 

- 

COMPRESSED GAS FOR LIGHTING RAILWAY CARS 
is to be carried in 2-in. pipes through the streets of 
Washington, D. C., to connect the works of the Pintsch 
Compressing Co. with the stations of the Baltimore & 
Ohio R. R., Baltimore & Potomac R. R., and Southern 
Ry., and also to the river front where it will be used 
for charging illuminated buoys for the Potomac River 
navigation. In reporting the bill, Senator McMillan, of 
the committee on the District of Columbia, alluded to the 
project as follows: 

Pintsch gas is used for lighting railway cars 
and buoys. The object to be gained is the light- 
ing of the railway mail cars starting from Washington, 
thus doing away with the oil lamps, so dangerous in 
railway mail cars especially; also the furnishing of gas 
for lighted buoys on the Potomac. The Pintsch gas is in 
use all over the country, and there is no experiment in the 
matter. Indeed, the bill simply provides for a commercial 


necessity. 
> 


THE IRON PROMENADE along the beach at Atlantic 
It will be about 
7,000 ft. long and 40 ft. wide, supported on columns sunk 
into the sand by the water jet system. A large traveler 
is used by which four columns can be sunk at once. The 
work is being done by the Phoenix Iron Co., of Phoenix- 
ville, Pa. 


THE SETTLEMENT OF THE EMBANKMENT ap- 
proach to the new Delaware River bridge of the Pennsyl- 
vania R. R., has caused an interruption to the traffic. 
The weight of the earth seems to have broken through a 
surface crust and sunk into an underlying bed of soft 
material, causing the ground to rise in waves on either 
side of the embankment. A timber trestle approach was 
at once commenced for temporary use. 

THE THIRD ELECTRIC LOCOMOTIVE for the Bal- 
timore tunnel of the Baltimore & Ohio R. R, has been 
shipped from the works of the General Electric Co., at 
Schenectady, N. Y., and as soon as it is put in service 
the three engines will handle the passenger as well as 
the freight traffic of the tunnel, the present coke-burning 
engines used with the passenger trains shutting off steam 
before entering the tunnel. The engines weigh 96 tons, 
and have a capacity of 1,500 HP., while one of them is 
said to have attained a speed of 80 miles per hour. 

THE GARBAGE DISPOSAL QUESTION IN NEW YORK 
city, like Banquo’s ghost, will not down. Col. Geo. E. War- 
ing, Jr., M. Inst. C. E., Commissioner of Street Cleaning, 
recommended on May 5 that of the bids received on April 
27, the one made by the New York Sanitary Utilization 
Co. for the disposal of garbage alone at $89,900 a year 
for a term of five years should be accepted. The bid of 
Mr. Edw. Duffy to do the work for $60,000 was rejected 
on account of the experimental status of the proposed 
plan; and that of the Merz Universal Extractor & Con- 
struction Co. was rejected simply because it was higher 
than the one recommended for acceptance, being $144,000. 
The Merz Co. has notified the city that it will take steps 
to compel the acceptance of its bid of March 26, at the 
same price as named above. Col. Waring recommended 
the acceptance of this bid, which the Merz Co. claims was 
equivalent to an award, but the Board of Estimate and 
Apportionment did not approve the award and directed 
Col, Waring to call for new bids. There were also re- 


297 


ceived on April 27 two bids for disposing of garbage 
ashes, street sweepings and other refuse, as noted in our 
last issue. Col. Waring rejects these bids on the follow 
ing grounds: He estimates that ashes and street sweep 
ings alone amount to 1,928,000 cu. yds. a year, or 5,280 
a day, and that this material can be deposited at Riker’s 
Island for $136,888 per year, making from & to 60 acres 
of land. Mr. Herbert Tate has offered to pay the city 
$245,000 a vear for the privilege of picking over the rub 
bish of the city, aside ashes and 
sweepings. The ‘‘unsalable residuum,’ Mr. Tate thinks 
‘can be turned to profitable account in the productior 
steam.”’ 


from garbage, 


street 


Pendiag the settlement of the claim of the Merz 
Co., it is said that the whole matter is laid over. 
° 

PRGPOSALS FOR A NEW WATER-WORKS TUNNEL 
under Lake Michigan at Chicago will be received on May 
¥, as stated in our advertising columns. The 
be of brick, 10 ft. in diameter, and about 2! 
Mr. W. D. Kent is Commissioner of Public 


tunnel will 
2 Miles loug 
Works 
> 

A NEW WATER SUPPLY FOR CINCINNATI is au 
thorized by a bill which has just passed the Ohio legis 
lature. The bill 
commissioners by 


provides for the 
the Governor of 


appointment of five 
Ohio, on application 
of the Board of Administration. The commissioners may 
issue $6,500,000 of bonds for works or 
a construction company for a plant. 


jet a contract to 


DAMAGES FOR DISCHARGING SEWAGE INTO A 
stream have been awarded against the city of Richmona 
Ind., according to a press dispatch. The suit was brought 
by some woolen manufacturers, whose mill is located on 
White Water River, into which sewage is discharged by 
the city. The suit was for $20,000, and the court allowed 
$1,350, ‘‘on the ground of decreased rental value. The 
court is reported as having ruled that the city had the 
right to discharge sewage into the river, but was re 
sponsible for any resulting damage to property owners. 

> 

SPECIFICATIONS FOR A NEW DRAINAGE SYSTEM 
for New Orleans have been completed in revised form by 
Mr. L. W. City Engineer. An outline of the 
proposed drainage system was given in our issue of Noy. 
8, 1894, 


Brown, 


> 

AN OPEN CUT OR A TUNNEL on Lexington Ave., 
New York city, through the steep hill which extends from 
Yith St. to 103d St., has been proposed by the Metro 
politan Traction Co., whose cable cars have had a number 
of accidents at this point. The Department of Public Works 
has been consulted, and preliminary plans are being pre- 
pared for a tunnel wide enough for two car tracks and two 
carriage ways. The cost is estimated at about $700,U0U. 

- 

THE ELECTRIC POWER PLANT for supplying cur 
rent for switching on the Brooklyn Bridge cabie railway, 
is to be put in by the bridge trustees, on account of the 
high bids made by the electrical companies. The old 
lighting plant will be taken out and the new plant will be 
used for light and power. There will be 
boilers, three engines, three generators, 


a battery of 
and the moto: 
equipment for 20 cars, so that there will be a motor car 
on each train. The system of switching trains by elec 
tric power was_described in our issue of Feb. 13, 1896. 

: 

HORSELESS CARRIAGES are to be exhibited and 
given competitive trials at the Rhode Island State Fair, 
to be held at Providence, R. IL., in September. The State 
Fair Association has offered $5,000 in prizes for the best 


machines. 
al iijimamaisid 


THE STEEL BILLET POOL has not yet succeeded in 
increasing the demand for billets, consumers apparently 
delaying purchases in the hope that the pool prices will 
not be maintained, but other interesting results of the 
pool are coming to light. It is announced in a dispatch 
from Pittsburg that the Carnegie Steel Co. has purchased 
the entire allotment of the Ohio Steel Co., of Youngstown, 
O., and that the latter company will go out of business 
for the balance of the year, as far as making billets is 
concerned. The Carnegie Steel Co. is also said to be ne- 
gotiating for the purchase of the allotments of other 
companies. 


« 


THE NEW PANAMA CANAL CO., of Paris., iz said to 
have $10,000,000 available, and to intend to have an ex- 
teusive series of borings made across the proposed route. 
A small preliminary cana] 50 ft. wide is to be made at 
the site of the divide cut, and seven American cablewarys 
have been purchased for this work. 


A 16-IN. COAST-DEFENCE GUN is provided for in 
the fortification bill and preparations are being made at 
Watervliet Arsenal for the building of this gun. As de- 
signed for the U. 8S. Navy, a 16-in. gun wouid be 46.6 ft. 
long, and weigh from 107 to 11144 tons. The powder 
charge would be about 1,000 Ibs., the projectile would 
weigh 1,800 Ibs., the muzzle velocity assumed is 2,100 
ft. per second, imparting to the projectile a muzzle- 
energy of 61,114 ft. tons. The coast-defence gun may 
differ somewhat from these figures as the limitatious 
are not the same as on board ship. 





+ on 


AGT to 


—— 


298 


DITCHING CAR; ST. LOUIS SOUTHWESTERN RY. 

On railways running through low-lying, damp 
and swampy districts, and having the grade line 
buf little above the normal surface of the country, 
the question of drainage is a very important one 
in the maintenance of way work, and a considera- 
ble amount of money and labor must be ex- 
pended in making and maintaining ditches in or- 
der to keep the roadbed and bank in proper con- 
dition. This is especially the case where the bal- 
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work of the plow, scraper, etc. A steel car was 
therefore designed, and the first complete machine 
and car was built in December, 1895, for the St. 
Louis Southwestern Ry. This is the machine 
shown in the accompanying illustrations. 

The car is 46 ft. long, having plate giriler side- 
sills, connected by angle iron transverse bracing. 
The end sills are heavy steel castings, and have 
extended curved ends to serve as attachments 
for the draft chains which pull the outer end of 


FIG. 1.—GENERAL VIEW OF DITCHING CAR OPERATED BY COPIPRESSED AIR; 


ST. LOUIS SOUTHWESTERN RY. 


W. B. Doddridge, Designer. American Steel Foundry Co., Builders. 


last is poor, and where the natural soil is used 
for ballast. A combination of the above condi- 
tions exists on a large mileage of railways in the 
Seuthwest, and there is consequently a good field 
for the application of ditching machines in order 
to expedite the work and reduce the cost for 
labor. 

Cars for cleaning ditches and dressing the road- 
bed have been used by a number of railways, and 
are generally flat cars, fitted with derricks or 
eranes for handling scoops and mold bvards or 
scrapers, but we illustrate this week what is 
probably the most complete and powerful ditch- 
ing machine ever built. On the St. Louis South- 





FIG. 3.—DITCHING CAR WITH MOLD BOARD ATTACHED FOR DRESSING ROAD- 


BED SLOPES. 


western Ry. various devices of this kind were used 
with more or less success and economy, but it 
occurred to Mr. W. B. Doddridge, while General 
Manager of the road, that a good substantial 
machine could be designed which would enable 
railways to construct drainage ditches and build 
low embankments at a very small cost. In the 
first machine built (and now in service on the St. 
Louis, Iron Mountain & Southern Ry.) the ap- 
paratus was mounted on a wooden car, but it 
was found that while the operations were success- 
ful, the car was not strong enough to resist the 
severe strains to which it was subjected by the 


the scraper and the beam of the ditching scoop. 
At the middle of the car is a steel derrick post, 
9 ft. high, seated in a frame below the floor and 
carrying a crane arm or jib having a reach of 14 
ft. The crane can be turned through a complete 
circle. The car is carried on two four-wheel 
trucks, having diamond franies and the American 
Steel Foundry Co.’s cast steel bolsters. 

One of the most interesting features of the ma- 
chine is that all operations of the handling of the 
various parts are effected by means of compressed 
air. The air supply is stored in three cylindrical 
reservoirs, 22 ins. diameter and 10 ft. tong, at a 
pressure of SO Ibs. per sq. in., and is supplied by 


the air-brake pump of the locomotive of the work 
train. These reservoirs are placed underneath the 
car, and there are also placed the following opera- 
ting cylinders: One cylinder, 12 ins. diameter and 
14 ft. 7 ins. long, for the derrick hoist; one cylin- 
der, 12 ins. diameter and 9 ft. 5 ins. long, for 
swinging the derrick, the piston rod having a 
rack attachment for swinging the mast through a 
complete circle; four cylinders, 8 ins. diameter 
and 5 ft. 4%4 ins. long, for the side guides. All 
the pistons are cushioned by air, and the cylin- 
ders take air pressure from either end. The 
various pipes are brought together to a “switch- 
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board,” mounted on the car, and all 
are controlled by cocks operated by a 
ing at this switchboard, as shown in © 
The main equipment of the car includ: 
lowing: (1) A solid cast steel plow 
2,500 Ibs., which cuts a furrow 20 ins. doc; 
ins. wide; this is shown on the car in F 
in operation in Fig. 5; (2) A trianzula 
scraper for cutting material for the 
ment, as shown in Fig. 2; (3) A mold | 





FIG. 2.—DITCHING CAR WITH SCRAPER AT WORK. 


dressing the roadbed to the standard seviio: 
shown in Figs. 3, 7 and 8; (4) A ditching scov 
of 3 cu. yds. capacity, shown in Fig. 4. All ti 
are operated by air from the car platform, bein; 
raised and lowered, guided as to lateral ran; 
and loaded and unloaded by means vf the derric} 
and the side-guide cylinders. he air appliance 
are all very simple, and very little labor is 
quired to operate the car. 

The general course of operation is as follow 
The plow is first used to cut one or two f 
rows, aS may be necessary to lower the ditch t 
the proper depth and furnish sufficient dirt to fill 
out the embankment to the standard sectior 





FIG. 4.—DITCHING CAR WITH EXCAVATOR OR DITCHING SCOOP ATTACHED. 


The necessary beams, guides, etc., are so arranged 
that the plow is entirely under the control of the 
man handling the air; it can be set at any dis- 
tance from the track that is desired, raised ©! 
lowered, or swung in or out to avoid obstructions 
too large to plow up. The nose cf the plow is 
braced by a heavy bar attached to the side sill 
The scraper is then used, as shown in Fig. 2, to 
bring the dirt from the ditch up toward the track 
If the ditch is in a small cut, however, with banks 
not exceeding 5 or 6 ft. high, and the dirt is not 
required on the fill, the scraper can be reversed 
so as to remove the dirt from th* ditch, throw !t 
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outside and form a bank of even and regular sur- 
face 

Th <t tool used is the mold board or shoul- 
der f y, to dress up and finish the embank- ° 
ment. This tool extends from the ends of the ties 
at an angle of 30° with the car body, for a dis- 


tance of 14 ft. As itis braced and held rigid with 
the » the embankment is shaved perfectly 
smooth and exactly to template, no matter what 
is the elevation of the track. The template is of 
the form shown in Fig. 7, and is bolted to the 
ige of the mold board. Where the scraper 


owe 

ni brought up too much dirt, the mold board re- 
moves it, carrying a sufficient quantity before it 
to fill up the low places where not enough dirt 
has n left. The tool is so shaped that it forms 





FIG. 5.--DITCHING PLOW AT WORK (Furrow, 20 Ins. Deep and 36 Ins. Wide) 


the shoulder on the top of the fill, reaches far 
enough to overlap the point at which the scraper 
left off, and leaves the embankment exactly 
shaped to the standard cross section of track 
shown in Fig. 8. The work done by this tool is 
by far the most interesting part of the proceeding. 
It can be readily adjusted as required, and can be 
raised easily to allow it to pass cattle guards, 
bridges, and road crossings. The track is then 
ready for ballastine. 

The ditching scoop or excavator is an important 
part of the equipment, when ditching in deep cuts 
or preparing to lower track. It is attached to the 
car in the same way as the other (ols, end is 
worked somewhat in the manner of a ‘rag scra- 





End Joint of Template. 


Fig. 7.—Template Bolted to Lower Edge of Mold Board 
for Dressing Roadbed Slopes. 


per or the dipper of a steam shovel. The dirt is 
scooped up and the car ran out on the embank- 
ment, where it is dumped. The whole operation 
is handled by air, the derrick raising und k:wering 
the scoop, and tipping it to dump the load. With 
this tool, cuts can be excavated to any depth 
desired, from the ends of the ties out to a distance 
14 ft. The scraper and the scoop are attached 
by chains to.a heavy steel beam, pivoted to the 
extension of the frame below the sills, and held in 
position by chains from the side and a rod from 
the end sill. The mold board is hauled directly 
by a chain attached to the end sill. 

A cutting in which the track is being lowered 
3 ft, is shown in Fig, 6, and the course of the 
ditching scoop is very evident, while Fig. 4 shows 


the scoop in use for ditching along a low level 
track. It has been found most convenient to 
work an entire day on one side of the track. 
When not delayed too much by passing trains 
there is no trouble in ditching and dressing up 
the embankments on one side of the track for a 
distance of 144 to 2 miles per day, leaving a neat, 
well-drained and well-trimmed roadbed. 


The force required to operate the outfit consists 


of the conductor of the work train (who acts as 
foreman of the work), two brakemen, one iran to 
handle the air, and two laborers to make and 
change the various chain hitches. The entire 
cost of such labor is $18.30 per day. The locomo- 
tive propelling the machine moves at a rate of 
about four miles per hour, hence it is stated that 


the amount of work done in a day, at a total cost 
of about $30, would cost $500 to $1,000 if done by 
laborers. Besides this the embankment is left per- 
fectly true to the standard section and in better 
shape than would be possible if the work was 
done by hand. The machine has been thoroughly 
tested on the St. Louis Southwestern Ry., near 
Pine Bluff, Ark., with most satisfactory results 
from a point of view of saving in labor, as well as 
of efficiency in work. 

The machine was built by the American Steel 
Foundry Co., of St. Louis, Mo., under the patents 
of Mr. W. B. Doddridge, General Manager of the 
Missouri Pacific Ry. For the information and 
photographs used in this article we are indebted 
to Mr. Doddridge, to Mr. R. M. Galbraith, Gen- 
eral Master Mechanic of the St. Louis Southwest- 
ern Ry., and to Mr. J. E. Boyce, his Chief Clerk. 
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The lengths of structures particularly referred 


to in this article are those having clear spans of 
from 10 ft. to 30 ft. Openings having spans of 
less than 10 ft. can generally be made perma- 
nent to a degree at least, by building arch cul- 
verts of masonry or using pipe drains As to 
arch culverts, however, there are often local cir- 
cumstances which preciude their use, and they 
are not so permanent as might appear, unless bulit 
with care, and provided with the best of founda- 
tions. 


Rail floor bridges of the type shown in Fig. 1 


have been used on the New York Central R. R. for 
some years past, and have given the most sat- 
isfactory results for spans of from 8 ft. to 16 ft 
in the clear. The bridge inspector reports that 
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FIG. 6.—LOWERING SUB-GRADE 3 FT. IN A CUT BY THE DITCHING MACHINE. 


under the passage of trains there does not appear 
to be the slightest deflection or disturbance, even 
on bridges spanning openings of 15 ft. The 
weights of the styles of construction shown in 
Fig. 1 are given in the accompanying table 
Weights of Rail Floor Bridges. 
—Four Tracks 


2.4 d4. $2 $3: ¢2 
Pen. 9992 2 og 92 8 ld 3 
gz eS 2 == a ee = ef 
ft. ft. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. 
8 11 50.38 2,620 28,820 50.7 1,420 15,620 
No. 1 10 13 54.61 2,840 36,920 54.64 1,530 19,890 
No. 2 10 13 62.70 3,260 42,380 62.14 1,740 22,620 
No. 1 12 15 66.15 3,440 51,600 65.35 1,880 27,450 
No. 2 12 15 75.00 3,900 58,500 73.57 2,060 30,900 


13 16 70.00 3,640 58,240 68.93 1,930 30,880 
14 17 73.85 3,840 65,280 74.28 2,080 35,360 
15 18 83.46 4,340 78,120 81.43 2,280 41,040 
16 19 91.15 4,740 90,060 88.57 24480 47,120 


Gne of the principal features of a rail-floor 


FIG. 8.—CROSS SECTION OF ROADBED AS LEFT BY DITCHING MACHINE. 


The photographs were all taken by Mr. A. F. 
Coons, an engineer employed on this railway. 
ee 
RAILWAY BRIDGES OF SHORT SPAN. 
By F. W. Wilson, Jun. Am. Soc. C. E. 
(With inset.) 

Experience has proved that quite as serious 
results may be incurred by the failure of a short 
span bridge carrying railway traffic, as would en- 
sue from the failure of a more pretentious struc- 
ture, and as in general the short spans predomi- 
nate, as to numbers, on most railways, they re- 
quire a large percentage of the annual outlay for 
repairs and renewals. Such structures are, there- 
fore, well worthy of the attention of the bridge 
engineer, and should be regularly inspected and 
carefully maintained even though of modest di- 
mensions. 


bridge, which commends it for railway purposes in 
general, is that all the work can be done by the 
road department forces, and hence no contracts or 
special appropriations are necessary to their con- 
struction. In this manner old rails which have 
been abandoned for heavier sections can be util- 
ized to the best possible advantage. There is, 
however, the objection that if the execution of 
such work is left entirely in the hands of the 
road department forces, without inspection of any 
kind, it may sometimes lead to the use of a less 
number of rails than is called for on the plans, in 
case they do not happen to have the requisite 
number of rails on hand. 

The rails should be given a preservative coating 
of some kind, applied hot. Immersion in a bath 
composed of 10 parts of Trinidad asphalt and 30 
parts of coal tar pitch, heated to 350° F., would 
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no doubt be as effective as any. In order to dothis, 
however, a tank for immersing the rails would be- 
come necessary, and, if this plan is followed, the 
old rails for use of this kind should be stored at 
some of the company’s shops, where a tank con- 
taining the composition would be maintained. 
Then, upon a requisition from the road depart- 
ment, the rails could be sawed off to the required 
lengths, dipped in the tank, and then forwarded 
to the site of the bridge. The sawing of the rails 
in the shops would effect a considerable saving in 
he expense of the work, as the labor involved in 
‘utting them at the bridge site is necessarily 
sonsiderable. 

The use of rail-floor bridges is not to be rec- 
ommended for clear spans of more than 12 ft., if 
65-lb. rails are used. If 80-Ib. rails are used, 
then the maximum span should not exceed 14 ft. 
Bridges of this type have, as before stated, been 
used on the New York Central R. R. up to 15 ft. 
clear span, but owing to the slight depth of the 
rails, when compared with this length, I do not 
think it advisable to continue to do so, although 
the physical performance of spans of this length 
is all that could be desired. 

For spans ranging from 14 ft. to 28 ft., in the 
clear, longitudinal trough bridges, of the type 
shown in Fig. 2, have also been used on the New 
York Central R. R. for a considerable period. 
While this type of bridge offers several important 
advantages, yet these are almost or quite offset by 
the serious consideration that they are not easily 
inspected or painted. To do either or both with 
any degree of frequency involves considerable 
expense, since it involves the removal of the bal- 
last. Further than this, the temptation to neg- 
lect those things which are not apparent super- 
ficially is a serious one to most bridge inspectors, 
and the result is that a bridge so difficult of access 
is likely to be left untouched from year to year 
until rusted to such an extent as to endanger its 
efficiency, and demand its renewal. 

The same inaccessibility may also be charzed 
against a rail-floor bridge, but this at least has 
the advantage of having the metal work in more 
compact masses, and the loss of section from rust 
would proceed more slowly than in the case of 
piates and angles, such as are used in the con- 
struction of longitudinal trough spans. 

30th of the foregoing types possess one great 
advantage, which is that the ballasted track ray 
be so perfectly surfaced in conjunction with the 
track approaching the bridge that no shock is 
felt in crossing, or in the change from the solid 
rcadbed to the bridge floor. 

The writer has given this subject serious con- 
sideration in connection with his routine duties, 
and has recently designed a type of short-span 
bridge for use on the New York Central R. R., 
which would seem to have some advantages over 
either the rail-floor or the longitudinal trough 
bridge. This plan is shown in Fig. 3, arranged 
for a double-track span of about 17 ft. total 
length. The track support is essentially made up 
of four I-beams to each track, these being so 
spaced that all are equally loaded. A sway frame 
near each end holds the I-beams in _ position. 
Across the tops of these main beams are laid 
7-in. I-beams spaced about 14 ins. c. to c., and 
running transversely the full width of the bridge. 
Qver these beams a 5-16-in. plate is riveted, being 
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place; but when the nuts are loosened the rail 
may be moved laterally \% in. in either direction, 
owing to the slotted hole in the lower washer. 
The rail is cushioned upon a sheet of indurated 
fiber 4% in. thick, and two clips of fiber \ in. 
thick, one on each side, are placed between the 
washer and the rail. By means of a very simple 
interlocking of the bottom sheet of fiber, the two 
side pieces of fiber and the two lower washers, 
all of the five pieces are secured by the two bolts. 

The introduction of the fiber is primarily to 
form a cushion for the rail, and to deaden the 
noise, but, as shown in the details, it also serves 
as a complete insulation for the rail, which be- 
comes a necessity where the rails are used for 
conducting electric currents in the operation of 
automatic signal systems. 

The longitudinal beams are provided with sole 
plates, at their ends, and rest upon creosoted tim- 
ber blocking which assists in providing some elas- 
ticity to the bridge, and also assists in distribut- 
ing the loads upon the masonry. 

The girders at the sides of the bridge are 
intended to support the ends of the transverse 
beams in case of derailment, and they project 
about 6 ins. above the floor of the bridge in order 
to serve &s a guard rail. An angle iron is riveted 
along the sides of the floor and against the out- 
side girders, partly as a finish to the floor, and 
partly to reinforce the top of these girders, in 
case they should be called into play as guards 
for a derailed car. By making the transverse 
beams of such section that the strain per square 
inch will be tolerably high, the deflection of the 
portion between the longitudinal supporting 
beams might be made sufficient to about repre- 
sent the elasticity to be had if wooden ties were 
used. 

These bridges can be easily inspected, cleaned 
and painted, are easily shipped and erected, and 
are cheap as to first cost and maintenance. One 
of the elernents of economy in this type of con- 
struction is the very small amount of shop work 
required. Some objections may be urged against 
the use of rolled beams, but the writer thinks 
that it would be better to take the difference in 
cost of rolled beams and built beams and apply 
it to securing heavier sections of the rolled beams. 
Using as a standard of comparison, a span of 17 
ft. total length, double track, the cost for a 
bridge of this type complete will be about $1.48 
per sq. ft. of floor area, while the cost for a longi- 
tudinal trough span of same capacity and dimen- 
sions would be about $2.05 per sq. ft. at present 
prices. This difference represents a total of $270 
for a single span of these dimensions. Where 
there are numbers of such spans, as is the case on 
the New York Central R. R., this saving is of 
cosiderable consequence. Then, again, the depth 
from base of rail to the lowest part of a structure 
is often a matter of importance, and a saving of 
from 3 to 5 ins. in this depth can be made by 
using the I-beam construction above described in- 
stead of the longitudinal troughs. 
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THE NEW TENNESSEE RIVER BRIDGE AT KNOXVILLE, 
TENN, 
The growing tendency in this country toward 


the adoption of aesthetic designs for important 
city bridges has been illustrated recently by the 


tiful Tennessee marble, which occurs in ; 
in the vicinity. One design for such a 
employed four spans of 240 ft. each, sv 
span would have exceeded by 20 ft. th. 
the greatest stone arch in existence (+ 
John bridge at Washington, D. C.). A; 
sign contemplated a single large span ar: } 
by 150 ft. spans on each side. Estima 
secured for a structure of this latter s: 
either in stone or of Melan concrete eo; 
which indicated that the cost would 
neighborhood of a half-million dollars 
project for a masonry structure was 
reluctantly abandoned. 

Bids were also received at about the sg; 
for a steel truss bridge with straight . 
a wood floor. The Youngstown Bridg 
Youngstown, O., in submitting its estima: 
sented plans prepared by Mr. C. E. Fowl: 
Engineer of the company, designed with W 
of giving as handsome a structure as . be 
built out of steel, and yet give the n. ‘ 
water way and head room for navigativ: Thi 
was accomplished by making an arched ca: . 
design, which gives all the appearance of « ret 
without the great thrust on the piers. 

The agitation in favor of a stone bridge: jag 
given the public a strong prepossession in fay.y; 
of a design with some claims to artistic : 
and the result was the adoption of this «. 
by the County Court. 

The design is illustrated in the accompanying 
cut. The bridge is to be 42 ft. in width over aj 
carrying a 30-ft. paved roadway with two street 
car tracks and two 6-ft. sidewalks. The north 
abutment will have a length of 127 ft., and the 
south abutment 60 ft. The piers will in all cases 
be founded on solid rock. We are indebted to 
Mr. Fowler for the drawing from which our cut 
is reproduced. 
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THE TRANSMISSION OF POWER BY WIRE ROPES. 

We have been favored by Mr. William Hewitt 
M. Am. Soc. M. E., Vice-President of the Trenton 
Iron Co., Trenton, N. J., with a copy of a recent 
mathematical investigation made by him of the 
horse power that may be_ transmitted by 
wire ropes of iron or steel. His analysis 
differs from that given by earlier writers in con 
sidering that the resistance to bending of a wire 
laid in a rope and wound around a sheave is not 
the same as that of bending a single wire in a 
plane around a sheave of the same diamete: 
Since the wire in a rope is not a simple curve in 
one plane, but a spiral bent into a curved form, 
the resistance to bending, according to Mr. Hewitt 
is very much less than that of bending the 
straight wire. Without taking space for the de- 
tails of Mr. Hewitt’s computations, we give below 
an abstract showing the results reached by him 


Notation. 


D =Diameter of the rope in inches. 

d =Diameter of the individual wires. 

E =Moedulus of elasticity=28,500,000. 

e =Base of the Naperian system of logaritnms=2 - 
7182818. 

f =Coefficient of friction between rope and sheaves. 

h =Defiection of still rope at centre, in feet. 

h,=Deflection of driving portion of rope at center in 
feet. 

hg=Deflection of slack portion of rope at center, in 
feet. 





THE ADOPTED DESIGN FOR THE GAY ST. BRIDGE OVER THE TENNESSEE RIVER, KNOXVILLE, TENN. 
{Prepared by C. E. Fowler, Assoc. M. Am. Soc. C. E., Chief Engineer, Youngstown Bridge Co. 


spliced as frequently as desired in th: length of 
the bridge. The rail is supported upon tie-plates 
which rest in a continuous channel lying upon 
the 5-16-\n. plate. 

The rail connection is shown in detail in Fig. 4, 
and this method of securing the track rails direct 
to the metal fiooring is in some respects novel. 
The bolts used are straight instead of curved as 
they have heretofore usually been made, end the 
two beveled washers hold the rail securely in 


adoption of Melan concrete arch structures for 
bridges at Topeka, Kan., and Paterson, N. J. 
Another excellent example of the public demand 
for something more than mere stability and 
safety is the selection of designs for a bridge 
over the Tennessee River at Knoxville, Tenn. 
This bridge is to be located at Gay St., and the site 
is one admirably suited to a structure of noble 
architectural design. It was at first proposed 
to build a stone arch structure, using the beau- 


K =Force transmitted. 

k =BPlastic limit per sq. in. of wire section. 

k,=Stress per sq. in. of wire section due to s=—k—*.. 

k,—Stress per sq. in. of wire section due to bending 
around sheaves. 

N,=Gross horse power transmitted. 

N =Actual horse power transmitted. 

N,-=Loss of horse power due to centrifugal force. 

N,=Less of horse power due to journai friction. 

n =Number of half laps of rope. / 

R =Radius of terminal sheaves, in inches. 
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gaSpon Letween axes of sheaves, in feet. 
: »n of rope at rest. 
rension of driving portion of rope. 
_r. sion of slack portion of rope. 
ity of rope in ft. per second. 
w | weight of rope, in Ibs. 
ww. ight of terminal sheaves and shafts. 


s T 


rd ght of intermediate rollers and axles. 
np o of radius of sheaves to diameter of wires. 
Tt rmulas for determining the tensions of the 
rope as follows (Weisbach, Vol. III., p. 237): 
ru7z.. 
eins ae K 
=> 
et nz _ 
K 
= efBa_} 
_ 8: + 82 
miss 
fn7z 
If we represent bya the coetticient — wehave 
fnz 
e —f 
for the gross horse power transmitted: 
28500—ke 
N, 0.000714 D?y——————-, for iron rope. 
a 
2 
N, -)).000714D2v: , for steel rope. 
a 


These two formulas contain two variable fac- 
a and ke, the former depending on the 
character of the terminal sheaves, the kind of 
filling used, and the number of half laps which 
the rope makes; and the latter on the size of the 
terminal sheaves. For drums or sheaves with 
plain grooves we have f=0.18, for wood-lined 
sheaves f = 0.23 and for sheaves filled with rubber 
and leather f=0.4. The corresponding values of a 
for one up to six half laps of the rope are given 
in Table I. 


tors 


TABLE I.—Values of a in above Formulas. 
n = number of half laps on driving wheel. 


f 1 2 3 4 5 
0.18 2.316 1.476 1.224 1.116 1.069 = 1.0385 
0.23 1.943 1.309 1.129 1.060 1.027 1.01% 
0.40 1.400 1.088 1.024 1.007 1.002 1.0005 


For given values of E, R and d the different 
values of ke (the stress due to bending) for the 
different kinds of ropes of the ordinary lay, are 
slight. An average value is: 


E 
k= —____—— 
2.06 x + 36 
From this value of ke, and from the value of si: 
given above are derived the figures in Table II. 


TABLE II.—Stresses in Wire Rope due to Tension and to 
Bending. 


Rativoof ———Stress per square inch of wire section.—— J 

diameter Due to tension of Due to bending 

ofsheave the driving part of rope. around sheaves. 

to diam. 

of wire, Iron rope. Steelrope. tIronrope. Steel rope. 

324 eves 16,500 cece 40,500 
345.6 eevee 19,000 eee 38,000 
360 ose 20,500 cece 36,480 
384 eee 22,800 evee 34;200 
432 cose 26,220 eece 30,780 
460.8 eves 28,500 esee 28,500 
480 850 29,350 27,650 27,650 
D04 2,000 30,500 26,500 26,500 
518.4 2,560 31,060 25,940 25,940 
540 3,700 32,200 24,800 24,800 
576 4,130 33,630 23,370 23,370 
600 5,270 34,770 22,230 22,230 
604.8 5,300 34,800 22,200 22,200 
648 7,700 36,200 20,800 20,3800 
672 8,550 37,050 19,950 19,950 
691.2 9,120 37,620 19,380 19,380 
720 9,500 38,000 19,000 19,000 
756 10,450 39,040 17,960 17,960 
768 10,830 39,330 17,670 17,670 
777.6 11,110 39,610 17,390 »390 
92 11,400 39,900 17,100 17,100 
806.4 11,680 40,180 16,820 820 
S40) 12,540 41,040 15,960 15,960 
S64 . 41,320 15,680 1° ,680 


It appears from the equations (not here given) 
that a certain ratio exists between d, the diameter 
of the individual wires, and R, the radius of the 
terminal sheaves, which will give a maximum 
value to No, the gross horse-power transmitted, 

ki k—ks 
and that this occurs when the factor — = 
x bo 
a maximum. This also corresponds to a minimum 
value of R. Solving for a maximum we obtain 
x == 720 for iron rope 
x= 345.6" steel “ 


‘rom which we obtain the figures given in Table 
Ill 





is 

























we find approximately k: 
and 19,000 for steel, and the bending stress, there- 
fore, 
double the transmitting force. 
stitution 
power transmitted. 
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TABLE III.—Minimum Diameters of Sheaves for Wire 


Rope Transmission. 








-—- lron Rope. -——— ——8teel Rope —— 
Diam. of 7 wire. 12 wire. 19 wire. 7 wire. 12 wire. 19 wire. 
Rope. Ratio of Radius of Sheave to Diameter of Wires. 
% 40 30 2 19 14 12 
5-16 50 38 30 24 18 14 
*e 60 45 36 2 22 17 
7-1 70 53 42 34 2 20 
% 80 60 48 38 29 2 
9-16 90 68 54 43 32 26 
my 100 75 60 48 36 2 
11-16 110 83 66 53 40 32 
% 120 4 72 58 43 35 
% 140 105 4 67 50 4 
1 160 120 96 i7 57 46 


Substituting the values of x 
- iy k 
3 


in the equation 

9,500 for iron 
even under these favorable conditions is 
We find by sub- 


in the formula, for the gross horse- 


yy? 
N, = 6,783 ~ for iron rope. 
a 


. gon * 
Ne 13,566 for steel rope 


TABLE VI.—Horse Power Transmitted by Iron or Stee] Ropes of Different Sizes at Various Velocities, and on 


Sheaves with Wood Filling and 


- Velocity of rope, ft. per second.——————____ a 
Diam. of 10 20 30 40 50 60 70 80 90 100 
rope,ins. —-—$—$ ————— ————— —____—___——— Horse power transmitted.—————-——_—___._ ____. 

4 2 4 6 8 10 12 13 15 17 18 

s Ys 3 6 10 13 16 19 21 24 26 28 

Cum 5 9 14 19 23 27 31 34 35 41 

2S Ya 13 19 25 31 36 42 47 51 56 

= 's 9 17 2° 33 40 48 55 61 67 73 

Sa 11 2 32 42 51 51 10 78 8 2 

fe 5, 13 26 29 51 63 75 86 96 105 114 . 

es th 16 31 47 62 76 90 104 116 128 138 

ze 19 37 56 74 91 108 124 128 139 164 

ee 26 51 76 100 124 147 168 188 207 224 
\ 1 34 67 99 130 162 192 220 246 270 292 
f M4 4 8 13 17 21 25 28 32 37 40 

= 1s 7 13 20 26 33 40 44 51 57 62 

-e *s 10 19 28 38 47 i mt 73 0 89 

ee vs 13 26 38 51 63 75 88 99 109 121 

aa of 17 34 51 67 83 99 115 130 144 159 

caf 22 43 65 sé 106 128 147 167 184 208 ‘ 

Sos 27 53 79 104 150 155 179 203 225 247 t 

$= ht 32 63 9 126 157 186 217 245 272 299 a 

se % 38 76 103 150 186 223 258 290 321 355 
t % 52 104 156 206 257 306 354 400 446 489 
1 68 135 202 268 33533 397 460 520 578 634 
bee 3 6 9 12 14 17 19 22 24 26 

Sse vs 5 9 14 18 28 27 31 34 38 41 

BS 3 7 13 20 26 32 38 44 49 54 58 

eS % 9 18 z 36 44 52 60 67 73 79 

ae 12 24 35 47 58 68 78 88 v7 104 

es % 15 31 46 60 74 88 101 113 124 134 

os % 19 37 55 73 91 97 123 138 151 163 

ee 23 45 67 88 109 129 148 166 182 197 

ges 27 53 80 105 130 15 177 198 217 235 

Ee x 37 74 110 145 179 212 243 272 299 323 
j= ‘1 48 96 142 188 233 275 316 353 388 420 

fe « 6 12 18 24 29 35 41 46 51 56 

oS & 9 19 28 38 47 6 64 73 81 9 

oh — 13 27 40 54 67 79 92 104 116 127 

cs 18 37 55 73 ® 108 125 141 157 172 

es if 24 48 72 96 119 142 164 186 207 227 

gs 4% 31 62 92 123 152 182 210 238 265 289 

es 37 7 113 149 186 221 256 290 322 354 

a 3 45 91 136 180 224 267 308 349 388 426 

es X 54 108 162 215 267 318 368 416 463 508 

es % 74 149 222 295 367 437 505 572 636 698 
| 1 96 193 289 383 476 568 657 743 827 907 


The above figures give the amount of power transmitted under maxiguum safe working tensions, corresponding 
to deflections as given by the formulas for deflections and the minimum sheaves, as given in Table 3. 
well, therefore, to make some allowance for the stretching of the rope, and to advocate somewhat heavier equip- 
ments than given by these tables; that is, if it is desired to transmit 20 HP. to put in a plant that would transmit 
25 to 30 HP., thus avoiding the necessity of having to take up a comparatively slight amount of stretch in the 
rope. Rubber and leather lined sheaves are generally used for the transmission of power, and with such sheaves 
Mr. Hewitt’s custom has been, in laying out a plant, to use the figures in the table for wood lined sheaves, so 


as to be on the safe side. 


For the loss due to centrifugal force we have 
D? v3 


a 
TABLE IV. Values of a N, corresponding to oe 


values of D and v in the formula N,; = 0.0000847 


N, = 0.0000847 








Diam. of 
Ropw. Velocity of Rope in Feet per Second. 
ins. 10 20 30 40 60 7 8 9 100 
% .. 04 .14 34 .66 114 182 2.41 2.% 5.29 
5-16 .01 .06 .22 .53 1.038 1.79 2.84 4.23 6.08 8.27 
01 .10 .32 .76 149 2.57 4.08 6.10 868 11.91 
7-16 .02 .13 .43 1.08 2.03 3.50 5.56 8.30 11.82 16.21 
02 .17 .57 1.35 2.65 4.57 7.26 10.84 15.44 21.17 
9.18 .03 .22 .73 1.71 3.35 5.79 9.19 13.72 19.54 26.80 
% .03 .26 .89 2.11 4.14 7.15 11.35 16.94 24.12 33.09 
11-16 .04 .32 1.08 2.56 5.00 8.65 13.73 20.50 £0.18 40.03 
% .05 .38 1.30 3.04 5.95 10.29 13.84 24.39 34.73 47.64 
% OT 52 1.76 4. 8.11 14.01 22.24 33.20 47.27 64.85 


1 .09 .68 2.30 Sak 10.59 18.30 29.05 43.37 61.75 84.70 

The loss of power due to journal friction varies 
directly as the pressure on the bearings, due to 
the stresses in the rope, and to the weight of the 
moving parts, It is approximately six mill- 
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ionths of the entire weight of all the moving 
parts multiplied by the speed of the rope in feet 
per second, or 
Nz = .000006 (CW +w+wi) v. 
The loss will be less for steel than for iron on 
account of the smaller sheaves which may be 


used. For flying transmissions of a single span 
w:i=Q0. Table V. gives the values of N: for dif- 


ferent speeds corresponding to the sizes of sheaves 

commonly employed, with the values of W+w., 

taking for W the largest rope on a 300-ft span. 

TABLE V.—Loss of Horse Power due to Journal Friction 
on Single Spans. 


2R°* Wiwv Speed of Rope i nFeet per Second. 





ins Ibs. 10 20 30 40 % 6 70 80 90 100 
18 300 .02 .04 .% .0O7 .08 11 .18 .14 .16 .18 
24 «4500.08 .06 .08 .12 .15 .18 .21 24 27 .30 
30 6800.05.10 £14 19 £24 29 4—s—=8B 
36 1,150 .0O7 .14 .21 .28 .3 

2 1,500 .09 .18 .27 .36 

48 2,000 .12 .24 26 48 

60 2.500 .15 .30 .45 .60 : 
72 3,100 .18 .37 6.74 a 
§4 3.800 .28 .46 .68 91 6 
96 4,500 .27 54 .81 1.08 Rf 

108 5.900 .35 .70 1.06 1.42 1.7 . 2.4! 

120 7,300 .44 .88 1.31 1.75 2.19 2.68 3.07 
*2R = diameter of sheave in inches. 


W+wyw= weight of rope and sheave, in Ibs. 


with Rubber and Leather Filling. 


It is 

















alacant onthe 













Combining all the quantities, we have for the 
general formula for the actual horse power trans- 
mitted 


0000847 vy — .000006 (W + w 4 ") v 
< 

For flying transmissions, in which wi==06, and 
in which the rope makex but a single half wrap 
on the driving sheave, taking a=2 for wood- 
lined sheaves and a= 1.4 for sheaves lined with 
rubber and leather, we obtain the values for 
amounts of horse power transmitted given in Table 
VI. 

In order to give the proper tensions to the rope 
we must know the deflections corresponding to 
these tensions. For flying transmissions, in which 
n=1, we have the following: : 


N = [oom k, 


Formulas for Defiections of Flying Ropes. 
8 = span in ft,, h, = deflection of driving rope at center in ft. 
h,= - * slack ee e f 


h’ on “ 








‘ol “ 
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Iron rope. Stee] rope. 
. - h, = 00005 8? h, = 000025 8? 
For wood-lined sheaves, f=) — ‘ooo 82 hh; = .00005 8? 
GOOF iv écbcdvessanvatianwa ah “000075 8? h’ == .0000375 8? 
: : h, = .00005 8? h, = .000025 8? 
ead — lined sheaves, § h, = .000175 8? h. = .0000875 5? 
he coccccccccceccevese Mh "000085 8? h = .00004 8? 
TABLE VII.—Table of Deflections. 
Span in feet 100 150 200 250 300 350 400 
Deflection of rope at center, in feet, when not running. 


Iron rope on wood filling.. .750 1.687 3.00 4.687 6.750 9.187 12.00 


Steel .. 376 .843 1.50 2.343 3.375 4.593 6.00 
Iron “ ‘** rubber . .800 1.800 3.20 5.000 7.200 9.800 12.80 
Steel ‘ ” .. 400 .900 1 60 2.500 3.600 4.900 6.40 


- — © ee 


THE FOLSOM-SACRAMENTO ELECTRIC POWER TRANS- 
MISSION PLANT. 


The completion of the power transmission 
scheme between Folsom and Sacramento, Cal., is 
the conclusion of a vast enterprise, undertaken in 
doubt and terminated in a success which has 
demonstrated not only the tremendous resources 
of power in the State of California, but also the 





Fig. 1.--Penstocks of the Four Turbine Wheels at the 
Folsom, Cal., Power Plant. 


commercial feasibility of electrical transmission 
over long distances. A sketch of the progress of 
the work, including a view of the dam at Folsom, 
was given in our issue of April 11, 1895. In what 
follows we give an account of the electric plant in 
somewhat greater detail. 

The hydraulic apparatus, manufactured by S. 
Morgan Smith, of York, Pa., consists of four pairs 
of 830-in. wheels of the McCormick horizontal shaft 
turbine type, each pair of 1,260 HP. capacity at 
300 revolutions operating under a head of 55 ft. 
The steel penstocks are 8 ft. in diameter, and each 
wheel has two draft tubes. The governors are of 
the Faesch-Picard type, and these are assisted 
by heavy fly wheels fitted to the water wheel 
shafts. The hydraulic plant also includes two spe- 
cial horizontal wheels for the exciters. 

The power house is a_ two-story brick 
building. As shown in Fig. 1, the water 
wheels are placed in the open air between 
the forebay and the wall of the structure, through 
which the turbine shafts pass. To each shaft 
is coupled a 750-K-W. (1,000-HP.) General Elec- 
tric three-phase generator, the largest of their 
type yet constructed, shown in Fig. 2. Each isa 
24-pole machine delivering current at 60 cycles, 
800 volts and running at 300 revs. per min. The 
exciters are 4-pole, 500-volt, 30 K-W. generators, 
either one of which is of sufficient capacity to ex- 
cite the fields of all four generators. From the 
generators the current passes to the generator 
switchboard, and thence to nine step-up trans- 
formers, each of 250-K-W. capacity in the upper 
story of the power house. The transformers are 
cooled by an air blast from blowers driven by 


induction motors. In these transformers the press- 
ure is raised from 800 to 11,000 volts, and from 
them the current passes to the high-tension trans- 
mission lines. 

The switchboards are of Tennessee marble, and 
are so arranged that the generators may be run 
in parallel or on separate lines, as may be desired. 
The generator switchboard carries the necessary 
switches, instruments and other apparatus for 
synchronising the generators. The boards in the 
transformer room carry switches for the high and 
low tension sides of the transformers and switches 
and current indicators for the transmission lines. 

The pole line is double throughout, and follows 
the highway from Folsom to Sacramento, a dis- 
tance of 24 miles. Each pole carries two cross- 
arms for two circuits, each circuit consisting of 
three bare copper wires supported on double petti- 
coated porcelain insulators, especially designed 
and made for this installation at the porcelain 
factory of the General Electric Co., at Schenec- 
tady. Each insulator before shipment was ex- 
posed to a test of not less than 25,000 volts alter- 
nating. Each circuit can carry the output of one 
dynamo, and any dynamo ‘can be thrown on any 
line. The line loss is calculated at 7.5% when 
transmitting 3,000 HP. 

The telephone line is carried on the same poles 
as the transmission line and connects the 
power house with the sub-station in Sacramento. 
The transmission lines being spiralled every mile, 
and the telephone wire-transposed every fifth pole, 
no induction is noticeable on the telephone cir- 
cuits, and conversation is not in any way inter- 
fered with. 

The sub-station is a fireproof two-story brick 
building on the corner of Sixth and H Sts., Sac- 
ramento, having the transformers on the second 
floor and the dynamo room on the ground floor. 
In the transformer room the high-tension switch- 
boards receive the terminals of the 10,000-volt 
lines and operate the different combinations of 
the step-down transformers. These transformers, 
21 in number, 15 of 125 K-W. and 6 of 40 K-W. 
capacity, vary in size, according to the duty re- 
quired of them, the secondaries delivering cur- 
rent at 125, 500 and 1,000 volts. They are also 
ventilated by blowers. 

The transformers are connected to high and 
low-tension switches on the boards, and from 


arc machines. In this room are also th 
boards for controlling the synchronous 
the railway generators and circuits an 
dynamos. 

For the operation of the synchrono, 
750 K-W. of transformer capacity is uti 
balance being used for low and high-te; 
tribution. The low-tension current is qj ted 
by a three-phase, four-wire system. « 
the three-phase and Edison three-wire 
i. e., three wires for the three-phase cur: 
a fourth or neutral wire. Incandescent | 
connected between the neutral and any . 
three other wires, while motors are con: 
the three-phase wires, giving at the pn 
volts for lamps and 200 volts for mot: 
feeders for this extensive system pass f 
sub-station through a distributing swit 
which carries potential regulators for np 
ing constant pressure at the mains. . 
circuits run from the sub-station at 500 a; 
volts, supplying current for lights and n 
the more distant parts of the city. 

Power was transmitted for the first tin 
Folsom to Sacramento on July 14, 1805 
operation of the Sacramento Street Ry. ©; 
} a grand carnival was held to celebrate w} 
to the present is the longest commercial 
transmission ever effected. The balance of thy 
machinery has since been set up, and the install- 
ation is now complete. 

The power transmitted is now being used fo 
manufacturing purposes as well as for lishti: 
the city and running the street railway. Th 
power is much cheaper than generated by si 
and it is interesting to note that the steam en- 
gine is fast disappearing from Sacramento fac- 
tories. Among the establishments now using the 
power are flour mills, box factories, machine shops 
and hotels. 

The largest consumer is the street railway, which 
has over 24% miles of single and 17 miles of 
double track, and operates 32 motor cars and 
trailers. The Southern Pacific Ry. shops em- 
ploy a large number of motors for drawbridges 
and elevators in freight sheds. The Buffalo Brew- 
ing Co. is about to install five non-synchronous 
motors to replace steam engines which have beer 
in use for years, and expect to save 40% of th 
present cost of operation by the change. 





FIG. 2.—GENERATOR ROOM AT FOLSOM, CAL., OF THE 


these the current passes to the distributing boards 
for the synchronous motors, power circuits and 
incandescent lighting. 

In the main or dynamo room of the sub-station, 
shown in Fig. 3, a line shaft runs the entire length. 
To this are directly coupled, through friction 
clutches, three synchronous motors, each of 250 
K-W. capacity, wound for a potential of 500 volts 
and run at a speed of 450 revolutions. To the 
line shaft are belted one 200-K-W. and one 90- 
K-W. multipolar G. E. railway generators and 
two 100-K-W. Edison bipolar machines, all of 500 
volts, and three 100-light and two 75-light Brush 


FOLSOM-SACRAMENTO ELECTRIC TRANSMISSION PLANT. 


The entire equipment was carried out by the 
Generel Electric Co., whose apparatus is ©x- 
clusively employed. This plant ig,a complete il- 
lustration of the possibilities of electric trans- 
mission, every problem to be met with jin trans- 
mitting power over long distances at high po- 
tentials and utilizing it having been solved suc- 
cessfully. The best indication of this success 
reflected in the value of the interest-paying 0!!! 
gations, the bonds of the Sacramento Elect' 
Light & Power Co. finding ready purchasers «' 
par, although the plant has “been in operation 
less than one year. 
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porT ON MUNICIPAL OWNERSHIP OF ELECTRIC 
STREET LIGHTING PLANT FOR UTICA, N.Y. 

interested in the question of municipal 

ship of lighting plants may glean some 

from a report on electric street lighting 

by a committee of the Common Council 

‘4, N. Y. Mr. Chapman L. Johnson, City 

Ss vor, was chairman of the committee, and 

- \fontgomery H. Johnson was selected as elec- 


RE 


trical engineer. 

report contains a detailed estimate, by Mr. 
Johnson, of the cost of installing and op- 
er » 450 are street lamps of 2,000 c. p. each, 
tl nerating plant to be capable of supplying 
The cost of construction is estimated 


500 lamps. 


per lamp per year, under municipal ownership, 
made by Mr. E. P. Roberts, and apparently urged 
by the Utica Trades Assembly. It also had a 
statement of the detailed operating expenses of 
the plant of the Utica Electric Light Co. for 184 
and 18%, which is published in the report. This 
statement showsa fuel account for 1895 nearly dou- 
ble the estimate made by the Stationary Engineers 
and nearly three times that made by Mr. Johnson 
The company’s item of “interest paid” was $13,- 
561 in 1894 and $11,512 in 1895. At 6% the inter 
est charge for 1895 would indicate a capital ac- 
count of nearly $200,000. If the company is pay 
ing a higher rate of interest, this fact only in- 


creases the argument for municipal ownership 





FIG. 3.—DYNAMO ROOM AT THE SACRAMENTO SUB-STATION OF THE FOLSOM-SACRAMENTO ELECTRIC TRANS- 
[MISSION PLANT. 


at $161,441, including $15,500 for underground con- 
duits in a few business streets and $1,000 for 
an extra engine for other purposes. Operating ex- 
penses for the 450 lamps are estimated at $29,288. 
Interest on the whole cost is allowed at 4% and 
depreciation is reckoned at 5% for the steam 
plant, 3% for the buildings and subway conduits 
and 10% for electrical apparatus and line. This 
makes a total annual outlay of $44,906, or about 
$100 per lamp per year. 

The estimates are based on 4,000 lamp-hours, 
or 10.9 hours per night, against 3,650, or 10 per 
night, now furnished by a private company at 
$126.83 per lamp. 

By adding to Mr. Johnson’s figures a yearly sum 
for sinking fund, which he very properly omitted, 
having already allowed for depreciation by in- 
creasing his estimates for labor at some points on 
its own account, and for labor, coal and interest on 
the strength of estimates of operation and first cost 
made by the Utica Association of Stationary En- 
gineers, the committee arrives at $127.70 as the 
cost per lamp per year, in place of $100. Or, with- 
out recourse to the figures of the Stationary En- 
gineers, the committee, by retaining its addition 
for sinking fund and labor, and increasing Mr. 
Johnson’s coal allowance from 214 to 3% Ibs. per 
HP.-H., the cost per lamp is raised to $120.16. 

The sum allowed by the committee for sinking 
fund was $4,844. Strangely enough, in its search 
for items to increase Mr. Johnson’s estimate, the 
committee overlooked depreciation on the $24,000 
additional cost allowed by them. This extra cost 
was on the steam plant, for which Mr. Johnson 
allowed 5% depreciation, which would amount to 
$1,200. Deducting this from the committee’s al- 
lowance for sinking fund, there would still re- 
main $4,644, or over $10 per lamp, incorrectly add- 
ed by the committee to Mr. Johnson’s estimates, 
bringing the committee’s revised figures down to 
$117.70, or $110.16, respectively, for its figures 
alone, or these combined with those of the Sta- 
tionary Engineers. 

The committee had before it an estimate of $80 


as at 4% interest, the rate allowed by Mr. Johnson 
and accepted by the committee, $11,512 would 
pay interest on nearly $300,000. 

The committee reviews the experience of other 
cities with municipal lighting plants and after 
quite a discussion of the subject concludes that 
the service can be secured quite as cheaply by 
private contract. It therefore recommends that 
bids be invited for lighting the street for periods 
of one, two and three years, and while speaking 
of “open and free competition,” calls attention 


to the fact that the award of a contract to a new company 
would mean not only the destruction of the investment 
made by our own citizens in establishing the existing 
plant, but would also disfigure and injure such of our 
principal streets as may not be provided with subway:;, 
by the multiplication of poles and wires. 


The above quotation brings up a point empha- 
sized by Mr. Johnson in discussing the cost of 
lighting under private contract. The shortness 
of most of these contracts makes high prices nec- 
essary, since the contractor must obtain not only 
the cost of operating his plant, but a sum in excess 

_ to make up for the risk of having a large part of 
his plant rendered useless by a failure to secure 
the renewal of the contract. 

The Utica Electric Light Co. has already offered 
to furnish street lamps at $120.45 each for 3,650 
hours per year, under a ten-year contract. Mr. M. 
H. Johnson, in his report, strongly recommended 
municipal ownership and urged as one reason why 
the present company demands so high rates that 
its plant is old in some of its parts and uneconom- 
ical. He suggested that the city should not on this 
account be required to pay high prices for its pub- 
lic lighting. 

Cm ee ——______._ 


A NEWLY DISCOVERED DANGER FROM UNDERGROUND 
ELECTRIC CONDUITS. 


Circular No. 20, of the Boston Manufac- 
turers’ Mutual Fire Insurance Co., for March, 
1896, describes a remarkable case of a house, No. 
10 Walnut St., Boston, being set on fire, on Nov. 
28, 1895, in three places at the same time by 
electric currents, although there were no electric 





lighting or other strong electric currents used in 
the building. There was a three-wire Edison con- 
duit in the street, and it appeared that the cur- 
rent escaped from the conduit into a near-by gas 
pipe, ran into the house by the gas service pipes 
and jumped from them to the water pipe, by which 
it returned to the street and We 
quote the the 
On Nov. 28, a fire was found burning between the ceil 
ing of the kitchen and the floor above. At about the same 
time, a second fire was discovered a few feet distant, and 
then a third appeared beneath a set bowl in the bath room 
All of these fires were in the vicinity of gas or water 
pipes. 
Investigation 


was grounded 


following from circular 


by the Boston Wire 
that heavy currents of electricity were passing through 
the gas and water pipes. The current was evidently 
entering the house through one system of pipes and leav- 
ing it through the other. Wherever the current passed 
from one system to the other the pipes were more or 
less melted, and in one case the gas pipes were found to 
be very hot, in fact, said to have been red-hot. 

An attempt was made to short-circuit the current from 
the building by connecting the gas and water pipes, and 
a No. 9 copper wire was very quickly melted off. Such a 
wire would carry 200 or 200 amperes for a minute or two 
before melting—indicating, therefore, a very heavy cur- 
rent in the house. 

The accident is explained as follows: An Edison under 
ground conduit ran through Walnut St. This conduit is 
an iron pipe containing three copper conductors, one 
positive, one negative and one neutral, separated from 
each other and the pipe by an insulating compound. 
There is about 110 volts difference in potential between 
the neutral and the other two conductors. On digging up 
Walnut St., it was found that one of the conductors, at a 
point about 120 ft. from the house, had come in contact 
with the iron conduit pipe, due to a failure of the insula 
tion. It was also found that the gas service pipe entering 
the house No. 10 was in contact with the outside of the 
Edison conduit pipe, and both pipes were found to be 
slightly fused at this point. 

In Boston the neutral wire of the Edison Co. Is 
grounded—this means that there was a complete circuit 
from the point where the insulation had failed, to the 
ground, by way of the conduit pipe, thence through the 
gas service pipe, thence along the gas piping in the house 
to the water pipe system, through various contacts; 
thence through the water pipe system out of doors to the 
underground network of water pipes, which would fur- 
nish a good ground. This means direct connection from 
one side of the system through the house to the neutral 
wire, it being at the same potential as the ground. The 
fires were started by the current forming arcs as it 
jumped from one system of pipes in the house to the 
other system. 

On Nov. 29, 
was found that a second burn-out 
80 ft. from the first one. 

Without venturing to suggest the best remedy for all 
such possible accidents, it may be interesting to note 
that in this case a connection by a large wire between 
the service pipes, located preferably just outside the wali 
would have obviated the trouble inside of the building. 
There were one or two other cases of similar troubles 
reported in Boston during the past year. 


Department showed 


this time it 
occurred about 


the trouble occurred again; 
had 


TT 


CHEMICAL PRECIPITATION OF THE SEWAGE OF LON- 
DON IN 1895. 


The average quantity of sewage treated at the 
two chemical precipitation plants connected with 
the sewage system of London was nearly 250,000, - 
000 gallons a day in 1895. Some interesting facts 
regarding the operation of these works are pre- 
sented in a report on this subject by Mr. A. R. 
Binnie, Chief Engineer to the County 
Council. 

The total quantity of sewage treated at Barking 
and Crossness during 1895 was 89,830,300,000 U. 
S. gallons, an increase of 1.08% over the year 
ISt4. The chemicals used were 48,959,000 Ibs., or 
3.8 grains per U. S. gallon, of lime and 11,277,280 
Ibs., or O.SS grains per U. S. gallon, of protosul- 
phate of iron. The total amount of sludge pro- 
duced was 2,160,000 long tons, or 4,858,560,000 
Ibs., which is about 5,400 Ibs. per 1,000,000 U. 8. 
gallons. The average amount of moisture in the 
sludge was $1.42 

The total cost of the two chemical precipitation 
plants and the sludge ships used to convey the 
sludge to sea has been $4,728,770, of which $662,- 
$22 was for the ships. The fixed charges on this 
capital account in 1895 amounted to $248,000, and 
the operating expenses were $507,000, making a 
total of $755,000. This is equivalent to $8.40 per 
gallons for all charges and $5.64 


London 


1,000,000 U.S. 
for operating expenses alone. 

For precipitation only the operating expenses 
were $2.98, and for sludge disposal $1.66 per 1,- 
000,000 U. 8S. gallons of sewage treated. These 
totals for operating expenses are slightly increased 
by some experiments with filtering the effluent 
from the precipitating tanks. 

Six sludge ships were in use, carrying an av- 
erage of 1,000 long tons each, the fleet making 
2,169 trips about 50 miles in length. The cost of 
transporting the sludge to sea was 3.48 pence, or 
6.75 cts., per long ton, which is 0.135 cts. per ton- 
mile for the distance hauled out, or half that 
sum if the return trip is included in the distance. 
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The comparative tests of Portland cement made 
by American, English, German, Belgian and Dan- 
ish manufacturers, which are published in an- 
other column, will, we believe, be exam'ned with 
much interest by engineers. The experiments con- 
clusively show that no nation has a monopoly of 
the manufacture of good Portland cement; on the 
contrary, the reputable brands of cement appear 
to be of about the same quality in one country 
as in another. This is after all what should be 
expected. Portland cement is made from certain 
well-known constituents, and if those are com- 
bined in proper proportions andthe process of man- 
ufacture is correctly conducted, the product should 
be about the same, no matter where the manufac- 
ture is carried on. 

There has been, and still is, a large amount of 
“superstition” concerning cement among en- 
gineers; and we even now hear it said that this 
x that or the other country is the only one that 
van produce “genuine” Portland cem=nt. The 
dagrams on another page show admirably how 
*m foundation there is for such statements; 
and they especially show the fallacy of the still 
too common impression that American Portland 
cements are inferior to that of foreign countries. 
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The use of heavy rails, or even of good rails, 
in yards, is very generally assumed to be unneces- 
sary and uneconomical in view of the severity 
of the service and wear, and this is one reason 
for the dilapidated yard tracks which are so com- 
mon everywhere except at a few recent passen- 
ger terminal yards. The New York Central R. R 
is now introducing its 100-1b. rails in the yards 
of the Grand Central terminal station, New York 
city and the results thus far obtained show a 
most decided economy in track work, in conjune- 
tion with other advantages. The yard has about 
12 miles of track in all, laid with 65-Ib. rails, 
but 250 tons of 100-lb. rails have been supplied, 
of which about 120 tons are already laid. The 
tracks laid with the heavy rails include those 
arrying the heaviest traffic between the station 
tracks and the four-track main line approach, and 
they are equipped with split switches, slip- 


switches, turnout frogs and crossing frogs, all of 
the 100-Ib. rails. The yard is controlled entirely 
by interlocking plant, and the lever men in the 
main tower at first objected to the heavy switch 
rails, claiming that it would be very hard work 
to throw them. As a matter of fact these switches 
are found to work even more easily than those 
with 65-lb. switch rails, as the latter become 
bent vertically, causing them to bind and slide 
hard on the slide plates, whereas the former are 
stiff enough to hold their shape. The present yard 
force for track work averages 20 men, and the 
only Sunday work is for renewals and large re- 
pairs. Formerly the regular gang averaged 32 
men, with about 16 extra men, and maintenance 
had to be carried on regularly on Sundays. Then 
constant work was required, and the tracks had 
to be surfaced about once a month, while the new 
tracks are left for months without any attention. 
When the rest of the principal tracks are laid 
with the heavy rails and the tracks have been 
surfaced, a still greater economy in maintenance 
work will be evident, owing to the reduction in re- 
pair work and renewals. Besides this, the switch 
engines running on the broad heads of the heavy 
rails will show less wear of the tires than when 
running on the narrower-headed 65-1b. rails, and 
this again will result in less wear and flow of the 
metal in the rails, and less injury to frogs and 
switches. With the more substantial track there 
is a noticeable decrease in derailments, which are 
usually more or less frequent in yards, while the 
tracks ride much more smoothly than the older 
tracks. The fact that good heavy new rails will 
reduce the wear of both tires and rails in yards as 
well as on the open road, and that the expenses 
of maintenance of track and equipment will be 
correspondingly reduced, have probably never oc- 
curred to many officials, and they have felt that 
it would be waste of money and material to put 
such rails in their yards. In regard to the Grand 
Central Station yard, it may be remarked that the 
frogs have no raising blocks in the heel, which is 
a specially important defect in a yard, where worn 
tires are more common than on the open track. 
The frogs have curved guard rails, the object of 
this being to free the wheel as soon as it has 
passed the frog point, and then allow the frog 
and wing rail to guide it, without putting any re- 
liance on the guard rail. 

The Sacramento-Folsom electric power trans- 
mission plant, which is .described elsewhere in 
this issue, is the most notable achievement on 
record in the transmission of large amounts of 
power over long distances by electricity. The dis- 
tance is 24 miles, and over twelve bare copper 
wires electric energy is transmitted to the amount 
of nearly 3,000 HP., with a loss in the line which 
is reported to be only 714%. But the actual 
efficiency of transmission between the water 
wheels at Folsom and the motors in the Sacra- 
mento factories is of course vastly less than this. 
Suppose we start with the power delivered on the 
turbine shaft at Folsom, and assume efficiencies 
of the several stages of the transmission as fol- 
lows: of the generators at Folsom, 95%; of the 
step-up transformers, 97%; of the line, 938%; 
of the step-down transformers at Sacramento, 
7 (; the percentage of the original shaft 
power which is delivered by the transformers 
at Sacramento will be the continued product 
of these efficiencies, or 83.13%. If this current is 
taken directly to the factories in Sacramento, and 
is there transformed into mechanical power, we 
may assume the efficiency of the line to the factory 
at 90 and of the small factory motors also at 
90°, which, multiplied by 83.13, gives 67.33% as 
the perecentage of the original shaft power which 
will be delivered as shaft power to the factory. 
But a large portion of the current is converted 
from alternating into direct current in the sub- 
station before being distributed to users. Starting 
with the 83.15° of the original shaft power de- 
livered by the step-down transformers, and as- 
suming efficiencies as follows, viz.: for the syn- 
chronous motors, 95%; for the belt transmission 
to the direct-current generators, 95%; for these 
generators, 90%; for the line to the factory, 90%. 
and for the small motor at the factory, 90%, we 
obtain only 54.69% as the pere-ntage of the or- 


iginal power delivered on the turbine shaf ich 
is finally delivered on the shaft in the fac: 

An interesting problem in governmenta 
is now afforded by the proposed establish 
free navigation on the Monongahela Ri, 
the banks of that river and its tributa the 
Youghiogheny, are located the immense «: i 
of the Pittsburg seam, which furnishes coa all 
the towns on the Ohio and lower Mis 
River. All of this coal now has to pay tri 
the Monongahela Navigation Co., which fu: 
slackwater navigation by means of a s: f 
dams and pools. About five miles below 
burg is the Davis Island Dam, with n 


wickets, which provides the cities of Pittsbu nd 
Allegheny with a sufficient depth of wat ’ 
navigation the year round, but below th: , 
the Ohio is too low for navigation during t 


six months in the year. The buliding by th: 
ernment of a series of movable dams alon ‘ 
Ohio so as to insure navigation all the year) i 
has long been desired, but on account of t! 
pense involved there is no probability of its \ 
accomplishment. The proposition immediat:!\ jn 
view, however, is the acquirement by purcha f 
the rights of the Navigation Co., and ma! 
navigation of the river free. The result of ; 
ishing the tolls now collected would be the che; 
ening of Pittsburg coal at New Orleans, which 
consumes 1,500,000 tons annually. In the mean 
time the coal operators in Birmingham, Ala., ani 
vicinity, encouraged by the comparative high 
price of Pittsburg coal at New Orleans, and |) 
liberal freight rates granted by the Souther 
Railway, from Birmingham to Greenville, on 
the Mississippi River, have opened a market fo 
their coal at New Orleans, carrying it to that cit: 
from Greenville on barges. If the government 
should make the Monongahela navigation fre 
and improve the navigation of the Ohio, th 
Pittsburg operators may be able to put thei: 
coal in New Orleans at such a low price as to 
shut out the competition of the Alabama  ¢va! 
thus benefiting the Pittsburg coal men and the 
New Orleans consumers and correspondingly dam- 
aging the Alabama coal men and the Southern 
Railway. On general principles, and in accord 
ance with precedent, it would appear to be the 
correct policy of the government to make rive: 
navigation as free as possible, whatever present 
harm it may do to any particular section or rail 
way. 
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STEEL RAILS FOR COMMON ROADS. 


A good deal has been published in the news- 
paper press and elsewhere during the past few 
years concerning the scheme of laying steel rails 
upon ordinary highways as a means of making a 
better or cheaper road than is furnished by the 
ordinary macadam construction. Just where th: 
scheme originated is doubtful. The idea has prob 
ably occurred to hundreds of men, merely as an 
idea: but the first to publicly advocate it, so far 
as we are aware, was the State Highway Com 
missioner of Ohio, Mr. Martin Dodge, in his report 
for 1893. A few months ago Mr. John O’Donne!! 
of Lowville, N. Y., a former member of the New 
York Railroad Commission, advocated a simila: 
scheme in a paper read at a meeting of highwa) 
supervisors. Still more recently the idea has been 
taken up by Mr. Henry J. Budd, the New Jerse) 
Commissioner of Public Roads, and general pul 
lic attention was called to it by its advocacy in 
the annual message of Governor Werts, of Ne 
Jersey. Since that time newspaper clippings con 
cerning the “steel rail highway’’ have been con 
stantly flowing in upon us; and if people beliey 
what the newspapers say, the public must certain 
ly be getting educated to the idea that some 
thing of this sort is the coming thing in good roa: 
construction. It appears to be worth whilt 
therefore, to give some examination to this pro 
posed innovation, and see whether the balanc: 
of its probable merits and demerits-is promisin: 
enough to warrant its actual trial in service. 

For it must be said that all that has been don 
so far with the scheme is to put ideas on pape: 
No actual steel rail highway, solely for the us 
of ordinary vehicles, has evew been constructe’ 
so far as we know, nor have any actual workine 
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FIG 1. RAIL-FLOOR BRIDGES; NEW YORK CENTRAL R. 
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drawings been prepared or accurate estimates 
made to test the merit of the system. 

Tt yhio Road Commission’s plan was to lay. 
rails the joint use of ordinary vehicles and 
eject: railways. It was even proposed, we be- 
lies , let every man run his own private trol- 
ley cor on these lines. Mr. O'Donnell proposed a 
rail r 8 ins. wide of a channel section, laid 
on t er longitudinals, resting in turn on cross- 
ties, and the whole ballasted with macadam. 
M1 idd, the New Jersey Commissioner, gave 
the f llowing details of his scheme: 

Tt aims as presented are that the average cost of a 
macadam roadbed 16 ft. wide is about $7,000 per mile. 
The st of a double track steel railroad 16 ft. wide, 
filled in between with broken stone, macadam size, is 
hou: £6,000 per mile. The cost of a rural one-track road, 
$2.00 per mile. The rails to be made of steel the thick- 


ness of ordinary boiler plate, and to be formed in the 
shap~ of a gutter, 5 ins. wide with a square perpendicular 
shoulder % in. high, then an angle of 1 in. outward. 
slightly raised. This forms a conduit for the water, and 
makes it easy for the wheels to enter or leave the track. 
The advantages of steel rails are, first, longer wearing 
qualities than stone; second, one horse will draw on a 
taal track 20 times as much as on a dirt road, and 5 
times as much as on macadam. 


Now, with all due respect to the rail sections 
outlined above, we fear that their designers have 
forgotten the necessity of providing for joints, 
and also that after such a rail had been in use 
a short time, there would be such a ‘whack, 
whack” at every rail joint as would cause the 
road to be speedily condemned by its users. The 
designers of these sections appear to have had 
the idea that a broad tread was necessary to 
make a track suitable for ordinary vehicles. We 
know of no foundation for such an idea. In city 
streets it is exceedingly common to see vehicles 
following the narrow tread of street car rails; 
in fact, in some of the cobble paved streets of Phil- 
adelphia nearly all the vehicles keep to the street 
car rails and leave them only when absolutely 
necessary. Neither is much of a flange required 
on a rail to make an ordinary vehicle follow it. 
The tendency of wheels to follow even a very 
slight rut or groove is well known. It is fortu- 
nate that this is the case, for if it were necessary 
to have a deep groove or channel in a steel rail 
to keep vehicle wheels upon it, the success of the 
project would be very doubtful. Dust and mud 
would collect in any such channel and would 
greatly retard the movement of vehicles. 

It appears to be evident that in the design of a 
steel-rail highway, we may as well cut loose from 
the ideas that have been put forth with respect 
to the details of such a construction and start 
afresh. The proper way to set about the design. 
moreover, is to see first what essential conditions 
must be fulfilled if such a system is to compete 
with ordinary macadam. 

Evidently the first consideration is the cost of 
building and maintaining such a roadway, and the 
latter is quite as important as the former. No 
one questions that a macadam road is a very 
satisfactory type of construction. If the steel rail 
road is to compete with it, it must give as good 
all around service at less total cost, or if the cost 
is greater, there must be corresponding advan- 
tages. Moreover, if a steel track road is to be 
a success, it must be able to get along with no 
more repairs than are given to an ordinary hard 
road, and it must remain in fair condition if, by 
reason of a hitch in appropriations or other cir- 
cumstance, it receives no repairs at all for two or 
three years at a time. 

Again, it must carry without injury to itself the 
heaviest vehicles likely to use the road. There 
must be no difficulty in turning onto the rails or off 
them, for even on roads of such heavy traffic 
that a double track is laid, there will be constant 
occasion to turn off from and onto the rails to al- 
a a vehicle to pass another going in the same 
(rection, 

it must further be remembered that both the 
‘inter frosts and the heavy rains of the mud 
a must be withstood; and while a dirt path 

tween the rails might do in dry summer 
“eather, the above considerations make evidently 
necessary some permanent footway for the horses. 

Hearing the above principles in mind, we have 
‘signed a cross-section for a steel rail highway, 
and present it herewith for discussion. Fig. 1 
Shows the proposed form of rail. It will be seen 
') be similar to a standard I-beam, except that 
upper flange is of slightly crescent shape to 


the 








aid wagon wheels to follow it, and a little extra 
metal is placed there to allow for wear and cor- 
rosion. Such a section would weigh about 8 Ibs. 
per ft., and could be rolled in any rolling mill 
equipped to turn out small beams. 

Fig. 2 shows a proposed standard cross-section 
for a single-track roadway 12 ft. in width. It will 
be seen that the rails are laid directly on the 
broken stone, and a telford foundation, 18 ins. in 
width, is laid beneath each line of rails. The 
broken stone is filled in to a depth of 8 ins. at the 
center of the road- 
way, and lessens to 
4 ins. at each side. 
It is filled in solid 
to a level with the 
top of the rail 
head on each side. 
The rails are kept 
to gage by cross- 
pieces made of 2x\4- 
in. steel with the 
ends bent at a right 
angle and bolted to 
the web of the rail 
A spacing of 4 ft. 
would probably give 
a sufficient number 
ke 35 * of these gage rods. 
Fig. 1.—Proposed Section of Rail For the rest, the 

for Highways. construction would 

be exactly like that 

of a first-class macadam roadway. It will be evi- 
dent that liberal use of the roller upon the foun- 
dations would be essential to a good piece of work. 

Fig. 3 is a design for a double track highway, 
which will be seen to require a 16-ft. roadway. 
The construction is similar to that of the single- 
track. . 

It will be noticed that in these designs the use 
of wood is entirely dispensed with, either for 
cross-ties or longitudinals, and we believe this to 
be essential if any such construction is designed 
to compete with a first-class macadam road. If 
the rail is supported on a wooden foundation, 





» a” 
460 . » 


Fig. 3.—Half Cross Section of Proposed Steel Rail Highway, 
with Double Track and 16-ft. Roadway. 


decay and settlement are bound to occur sooner 
or later, and the cost of tearing up the surface 
of the macadam to repair such settlement and 
keep the track in surface would be fatal to the 
success of the scheme. The idea in the designs 
shown in the accompanying cuts is to make the 
rail support so permanent that settlement will 
be impossible, and it will never be necessary to 
tear up the roadway. The repairs which would 
be needed to such a roadway would be resurfac- 
ing to keep up the horse path at the center as it 
wears hollow, and to keep the roadway beside 
the rail exactly level with it. 

Taking up now the question of the cost of such 


against the saving due to the use of a thinner 
layer of macadam than is generally considered 
sufficient, though it is probable that this is being 
a little too generous to the steel-rail construc 
tion. In fact, the weakest point in the designs 
shown in Figs. 2 and 3 is probably the thinness 
of the macadam coat on the sides, and it would 
very probably have to be made somewhat thicker 
in any place where the subsoil was bad or the 
drainage poor, to prevent wheels cutting through 
it in wet weather. 

In round numbers, then, we may compute that 
a single-track steel rail roadway would cost $1,000 
per mile more than a macadam road of the same 
width. Now, the advocates of steel-rail highways 
have confidently asserted that such a construc- 
tion would be vastly cheaper than a stone road 
Is there any way in which the accompanying 
designs could be modified to make them in fact 
cheaper? 

Of course, it is always difficult to say that any- 
thing is or is not impossible, but we confess we 
fail to see how a permanent steel rail roadway 
could be built except on lines close to those of 
our design. Suppose the weight of the rails were 
lessened one-half; it would effect a reduction of 
only some $400 in the cost per mile. The maca 
dam at the sides might be omitted; but on roads 
of much traffic the result would be apt to be deep 
mud on each side of the rails in the fall and 
spring. Of course, in regions where good, gravelly 
soil is available, this might be used instead of 
macadam for the entire road, save for a top 
dressing of stone screenings next the rails: but in 
such regions the basis of comparison is generally 
a road built of the country earth, and not a 
raacadam road, so the result of the comparison is 
after all about the same. 

If a temporary construction were desired, wood 
en supports for the rails might suffice, and a dirt 
filling between the ties; but while such work 
might be suitable for roadways built by private 
concerns in some special cases, it should be en- 
tirely clear that no such thing would be at all 
satisfactory for a public highway. 

If, now, the position be correct that a steel- 
rail highway must cost practically $1,000 per mile 
more than a macadam road, the question for 
consideration is simply, Would the road with the 
rails laid in it be enough better to warrant its 
extra cost? Let us see in what points such a road- 
way might be expected to prove superior to the 
ordinary macadam road. 

(1) The wear of such a road would be less, re- 
sulting in a smaller cost for maintenance. The 
wear of an ordinary macadam road is due 
much more to the action of wheels than 
horses’ hoofs. Theory indicates this when the 
load per square inch due to a horse’s shoe is com- 
pared with the concentrated load due to a rolling 
wheel which theoretically rests on a mathemati- 
eal line on its circumference. The hoofs roughen 
the surface, but the wheels grind it to powder. 
It is quite common to see ruts of considerable 
depth worn along the wheel tracks on macadam 
roads, while the center of the road is hardly de- 
pressed at all. On a steel-rail road the wear due 
to the wheels would be nearly eliminated, with 





FIG. 2. -CROSS SECTION OF PROPOSED STEEL RAIL HIGHWAY, WITH SINGLE TRACK AND 12-FT. ROADWAY. 


a roadway as that shown in Fig. 2, it is evident 
in the first place that its cost will not be greatly 
different from a macadam roadway of the same 
width, plus the cost of the rails, rail joints and 
gage rods. These we may estimate as follows for 
a mile of road: 


5,280 lin. ft. of single track at 16 Ibs. per ft. = 

"83,480 Ibs. = 31.7 tons, at say $25 per ton,=— $792.50 
1,320 gage bars at 9 Ibs., at 1.2 cts. per Ib..... 142.56 
352 rail joints at 25 cts........ «+. g6a0n0.0% oe 88.00 


$1,023.06 


The cost of laying the rails, including the cost 
of preparing their foundation, we may offset 





a corresponding reduction in the cost of annual 
repairs. 

(2) The traction would be less. The resistance 
to traction on a level macadam roadway is va- 
riously stated at from 40 to 120 Ibs. per ton. Prob- 
ably 75 Ibs. is not far from right for the average of 
roadway new and worn, wet or dusty. On a steel 
rail the traction is generally taken at the very 
low figures of 5 to 12 Ibs. per ton, which have 
been obtained by experiments on steam railways. 
But on any rail laid in a street, even in a paved 
street, much higher figures for traction resistance 
should be taken. On such a track as that shown 
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in Figs. 2 or 3, it would not be safe to count 
upon a resistance to traction of less than 25 to 30 
ibs. per ton. Instead of a horse drawing five 
times as much on a steel-rail highway as on mac- 
adam, as claimed by Mr. Budd, the animal would 
actually draw, it is probable, not more than twice 
or possibly three times as much ON A LEVEL as 
on a macadam road. But on a 4% grade the re- 
sistance due to the grade would amount to 80 
Ibs. per ton, and the total resistance per ton would 
be for steel rails, say, 120 lbs.; for macadam, say, 
155 Ibs. It should not, therefore, be hastily as- 
sumed that loads can be doubled on a steel-rail 
highway, except where there are no grades of 
considerable steepness or length to be sur- 
mounted. 

But it.is to be remembered, that even where a 
road of level or very light grades is under con- 
sideration, it depends upon the traffic it is to carry 
whether decrease in traction resistance due to the 
use of steel rails would result in any real gain 
in practical importance. On a pleasure driveway 
in a city park, for example, it is plain that no gain 
would result, and to a large extent the same thing 
would be true on a city boulevard, or in the 
residence streets of popular city suburbs, where 
almost the only wagon that ever passes loaded 
with as much as the horses can draw is the coal 
dealer's delivery wagon. On the other hand, in 
a busy manufacturing district, along a level load 
where heavily loaded teams are continually pass- 
ing, the reduced cost of carriage due to the use 
of steel rails might repay the additional cost of 
such a road every month. 

Besides the two main advantages of the stes!- 
rail highway which we have just discussed, it is 
probable that there would be some gain in free- 
dom from dust and in lessened noise. It is the 
rolling wheels on the ordinary macadam road 
that grind its surface to fine powder, which the 
wind distributes as dust. As for the noise, one 
can easily settle that question by comparing the 
noise made by a wagon driving along a macadam 
roadway and that made by the same wagon when 
running along the rail of a street railway track 
laid in the same roadway. It will be noticed that 
both these considerations are of importance where 
city streets are concerned, but of practically no 
moment as respects ordinary country roads. 

If the preceding discussion is well founded, the 
conclusions that must be reached with respect to 
the future of the street-rail highway are obvious. 
The idea that this method of construction fur- 
nishes a cheap substitute for a standard mac- 
adam road appears to be wholly erroneous. On 
the other hand, there appears to be a reasonable 
prospect that a steel-rail highway could be adopt- 
ed to advantage in the following situations: 

1. For roads where plenty of gravelly soil is at 
hand, but which have so much travel that the 
gravel wears out rapidly, necessitating frequent 
repairs. On such roads steel rails might save 
their extra cost by reason of the reduced wear on 
the roadway. 

2. For roads or streets where macadam is now 
in use, but on which travel is so heavy as to 
rapidly wear the surface. Here again the use of 
rails might be profitable to save wear and post- 
pone the heavy cost of a pavement of brick or as- 
phalt. 

8. For roads over which a considerable amount 
of heavy hauling is done, especially where such 
roads have very light grades. 

4. For suburban roads or streets, to save dust 
and noise. - 

We believe that the promise of favorable results 
in some of these situations is sufficiently good to 
warrant the construction of an experimental sec- 
tion of such a roadway as we have described in 
some location where there would be best promise 
of resulting benefit. By using ordinary standard 
4-in. beams instead of the section which we have 
shown in Fig. 1, the cost of a single mile of such 
a road should not exceed by more than $1,500 to 
$2,000 the cost of an ordinary macadam roadway. 
tt is possible that by laying such beams with the 
tops of their flanges depressed slightly below the 
surface of the roadway, as good or better results 
would be secured than with the form of rail head 
which we have shown in Fig. 1. 

We shall hope to see such an experimental sec- 
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tion of roadway laid down and tried in actual 
service at no distant date. The promise of an 
enormous market for steel for the construction 
of such roads, in case of a successful outcome of 
the experiments, makes it well worth while for any 
of the great steel manufactories to undertake the 
construction of such a roadway, or perhaps some 
of our progressive State Highway Commissions 
may be induced to try the experiment. 
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LETTERS TO THE EDITOR. 


Eight-Wheel Passenger Locomotive; N. Y., 0. & W. Ry. 


Sir: The description of engine No. 1 of the New York, 
Ontario & Western Ry., in your issue of April 30, is very 
good and correct except in one particular. The fire-box 
is not of the Wootten type, but is a wide fire-box similar 
to the Wootten. The latter includes a large combustion 
chamber which does not exist in this engine. 

Yours truly, 
Cooke Locomotive & Machine Co., 
Fred. W. Cooke, Vice-President. 
Paterson, N. J., May 2, 1896. 


Formulas for the Elements of Unequal Leg Angles. 


Sir: I have received so many requests from interested 
parties for blue prints relative to the subject of Unequal 
Angles, noted on p. 274 of your issue of April 23, that 
I feel that I must arrange for some other way for distri- 
bution. 

Thomas Marshall’s Foundry & Structural Works, which 
I represent as Chief Engineer, expects in the near future 
to publish a little work illustrating the important points 
in the design of the modern ‘‘sky-scraper’’ and I will 
have the formulas above referred to incorporated in this 
work. Yours very truly, 

Carl Schinke. 

Chief Engineer Thomas Marshall’s Foundry & Structural 
Works. 

28th and Railroad Sts., Pittsburg, Pa., April 29, 1896. 
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Civil Service Examination for Engineers. 


Sir: The New York City Civil Service Board will hold 
examinations on the follownig dates: 

May 11, for Building Inspectors and Inspectors of Iron 
and Steel. The law requires that ‘‘the inspectors shall 
be competent men, either architects, civil-engineers, ma- 
sons, carpenters or iron-workers, who shall have served 
at least ten years as such.’”’ May 14, computers; May 18, 
mechanical engineers. 

The examinations will consist of writing, arithmetic, 
technical knowledge and experience. Citizens of the United 
States, 18 years of age and over, are eligible to examina- 
tion. } . 

Applications may be obtained by addressing the under- 
signed. 





S. William Briscoe. 

New Criminal Court Building, New York City, April 
30, 1896. - 

Singular or Plural? 

Sir: I was rather surprised to learn through your corres- 
pondent, quoted in your issue of April 28, that ‘‘people of 
literary distinction’’ would say, ‘‘a 50 feet span;’’ but not 
so much surprised at his further statement: ‘‘Our modern 
engineers, even of the highest standing prefer foot to feet 
in this connection.’” So much the better for ‘our modern 
engineers,”’ for they are correct in using the singular 
form, the “‘people of literary distinction” notwithstanding, 
or the earnestness of the Boston instructors who so dog- 
gedly insisted on teaching the writer that ‘‘ten-foot pole’ 
is an error. I hold in my hand a copy of Kerl’s grammar, 
which was then used in the Boston (Mass.) schools, from 
which I quote as follows: ‘It is, however, proper to say 
‘a ten-foot pole’—‘a five-cent savings bank,’ etc.; ‘a ten- 
feet pole’—‘a five-cents savings bank’ are improper.” 

It is true, however, that grammar is but a child of cus- 
tom and subject to change at the hands of various authori- 
ties; yet in this instance, as you well state, the best 
writers use the singular form of modifier, and there seems 
to be no reason for difference of opinion, for certainly ‘“‘a 
50-foot span”’ is more euphonious than ‘‘a 50-feet span.” 

Yours respectfully, 
Geo. T. Prince, M. Am. Soc. C. E. 

1707 Farnam St., Omaha, Neb., April 27, 1896. 

- > 


La Rue’s Formula for the Curvature of Chords. 


Sir: In his reply to my letter printed in your issue of 
April 30, Mr. La Rue mistakes the point at issue. My 
statement has refererce only to the error in his facts and 
not to any numerical amounts. The section a—f 1 
have skcwn could just as well have been made through 
post Py In all the panels with inclined chords, no 
counters are intended to be placed, the curvature of the 
top chord can easily be arranged so as to avoid any 
necessity for counters. Moreover, Mr. La Rue’s way 
of getting at the amount of counterstrains is charmingly 
easy and off-hand; he must know that to get at the 
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counter strains with theoretical accuracy can }. ,.. 
but would involve the employment of a dozen ... 
mathematicians for a few days. In practice we 
content ourselves with rough assumptions, a: | 
therefore best to avoid the posky things as ; 
possible, especially since with curved chords 
be done so easily and will at the same time ‘ 
economy in design. Mr. La Rue’s admission : his 
main statement is wrong, knocks the props fro: ler 
his whole article and makes his line of curvatur. 
arbitrary and without practical value. 
Yours truly, 
Henry Ss: 
761 E. State St., Trenton, N. J., May 2, 1896. 


Methods of Working the Mississippi River Dred: 


Sir: In your very interesting article describing +! 
hydraulic dredge to be used on the Mississippi \ 
(Eng. News, April 23) there are a few conclusions ed 
at which it seems might bear some slight commen: 

In the first place, the tow-boat scheme of operat! 
dredge, proposed by Mr. Bates and approved 
editorial columns, has been tried in connection » 
“Alpha,” another dredge owned by the Mississip; 
commission, and found to be impracticable. 

It is only with the greatest difficulty that the mos! -. 
erful tow-boat cwned by the commission can mak: 
way against the swift river current in towing the 
up stream when the cutters are just submerge: 
then, we add to this the task of forcing the cutt: 
a sand or gravel bank with a vertical face of fro 
10 ft., and of holding and handling the dredge in 
very little wider than her hull (the ‘Beta’ draws | 
instead of the 4% ft. specified in the contract), w: 
far exceed the capacity of any two tow-boats on th: 
of sufficiently light draft to work in from 4 to 6 ) 
water, about the average depths on the crossings | W 
water. 

The wonderful results to be obtained by shortening th: 
discharge pipe to 200 ft. will also, I think, contra 
preciably when this is tried in actual service. 

The direction of the current is not, as Mr. Bate: 
it, along the crest of the sand bar and at right ang) 
the line of cut, but across the bar and nearly coin 
with the line of dredging. 

This means that there is no so called ‘‘leeward side « 
the cut’’ where the current would ‘‘spread the sand 
a very considerable area, out of the way of the chani 
but that the end of the discharge pipe is practically th: 
point where the sand would be deposited, with referen 
to distance from the cut. 

Baffle plates on the end of a 200-ft. pipe might possibly 
give a deflection of 75 ft. against the swift current at a 
crossing. This would not be sufficient even to carry thi 
sand beyond the limits of the proposed channel. 

Yours truly, F. H. Hilliard, ¢. 

99 Madison St., Memphis, Tenn., April 30, 1804. 
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Comparative Tests of American and Foreign Cements. 


Sir: In commenting editorially upon the Melan Arch 
bridge, to be built at Topeka, Kansas, you state thar (hi 
specification for Portland cement is ‘‘the strictest that you 
remember for a long time on any important engineering 
work.’’ It may be of interest to know that the require- 
ments in the specification for cement to be used, in th« 
construction of the Pennsylvania Ave. subway and 
tunnel (Eng. News, April 16, 1896), several important 
bridges, numerous main and branch sewers, in the ré 
pairs to the Queens Lane reservoir, and many other wu- 
nicipal works in this city, involving the expenditure of 
millions of dollars are higher than those in the speci- 
fication to which you refer. As proof of this, a copy of 
the specification regulating the quality of the cement 
delivered for use during 1896 is enclosed. In reference 
to the possibility of American Portland cements meeting 
the requirements, diagrams are also enclosed showing 
the average results of tests (classified as American, 1«! 
gian,* Danish, English and German) made in this labora 
tory during 1895, from samples of cement actually used 
in municipal work. These diagrams which have been 
compiled from the results of the breaking of over \.')\"’ 
briquettes made from 38 different brands of cement, 8!) 
clearly the superiority of the American cements. 

Very truly yours, 
Richd. L. Humphrey, Inspector of Cemen's 

Philadelphia, Pa., April 8, 1896. 

(The following is an abstract of the specifications 


mentioned by our correspondent.—Ed.) 


The accentance of a cement to be used shall rest with 
the Chief Engineer, and will be based on the follow'ng 
requirements: Natural cement shall have a specific grav- 
ity of not less than 2.5 and shall leave, by weight, a 
residue of not more than 8% on a No. 50 sieve, 15% 00 
a No. 100 sieve, and 35% on a No. 200 sieve. The sic\°s 
being of wire cloth of No. 35, 40 and No. 40 wire (Stub’ s 
gage), having 2,500, 10,000 and 40,000 meshes per sq. | i 
respectively. Pats of neat cement one-half (%) i! : 
thick, with thin edges immersed in water after hard ott, 
shall show no signs of checking or disintegration. t 
shall develop initial cet in not less than ten minutes, 


*The tests of the Belgian cement were not obtain! 
from the natural Portland cements but from artifi tal 
Portlands and are the average results of tests of ceme 
which met the city requirements. / 
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Sesser 


t in less than 30 minutes. This being determined 


’ 
| pats of neat cement % in. thick, temperature be- 
tween 60° and 70° F., the amount of water used being 
‘yst sufficient to make a stiff plastic paste. Briquetteg 
1 sq. in. in eress section shall develop the following ulti- 
mate ‘ensile strengths: 
Strength. 
Age. Ibs. per sq. in. 

4 rs in water after hard set............ 100 
“7 days, 1 im ir, 6 im water. ........c.00. 200 
og diys, 1 in air, 27 in water. 5 300 
a 1 in air, 6 in water, 1 cement to 2 

dard quartz sand. . 120 
of :, lin air, 27 in water, 1 cement to 2 
“ oandard quartz sand...... hater kuct eee 


Portiand cement shall have a " specific gravity of not 
jess than 8, and shall leave, by weight, a residue of not 
more than 1% on a No. 50 sieve, 10% on a No. 100 sieve, 
om on a No. 200 sieve; the sieves being the same as 


and 
owe isly described. Pats of neat cement % in. thick 
with thin edges, immersed in water after hard set shall 
Numberof Sieve. 
50 wo 200 


= 


sa) 








2500 «=: 10900 40,000 0 ' 


Meshes per sq.in. 
Fig. |.—Diagram Showing Comparative Fine- 
ness of American and European Cements, 
Averaged from 9,000 Tests of 38 Brands 








Fig. 2 —Diagram Showing Comparative Ra- 
pidity of Setting of American and Euro- 
pean Cements, Averaged from 9,000 Tests 


(In explanation of our editorial statement re- 
garding the severity of the cement specifications 
for the Melan arch at Topeka, Kan., reference was 
had particularly to the heat test for constancy of 
volume. This was as follows: 

Cement made into thin cakes on glass plates shall not 
erack, scale or warp under the following treatment 
Three pats shall be made and allowed to harden in moist 
air at from 60° to 70° F.; one of these shall be subjected 
to water vapor at 176° F. for three hours, after which it 
shall be immersed in hot water for 48 hours; another shal} 


be placed in water at from 60° to 70° F., and the third 
shall be kept in moist air. 


The specifications sent by our correspondent and 
printed above, call definitely only for the normal 
cold water test, for constancy of volume, the pro- 


viso for “hot wa- 
by 
i ha 
iy & 
8 Hours 


S Hours ter” and other tests 
oS 5 
Time of Setting in 


evidently being in- 
tended simply as a 
precautionary meas- 
ure open to the chief 
engineer in case of 
doubt. While some 
dispute exists re- 
garding the practi- 
cal utility of hot 
water tests, it is 
quite generally con- 
ceded that they are 
more severe than 
cold water tésts and 
in definitely requir- 
ing a hot water test 
all cases the 
specifications forthe 
Topeka, Kan.,bridge 
are unique 





American Portland cement: “It 
American natural Portlands (so 


ing gratuitous attack on 
is not probable that any 
called) will meet these requirements 

Sofar astheimportanceof the T« 
the lowest bid for which 


oncerned 
certainly 


ypeka bridge is « 


was $125,000, it is 


no more important than the Johnstown bridge, of the 
Pennsylvania R. R which stood the great floods of 
ISS9 and 1894. Nor is it any more important than the 
New London, Conn., bridge of the New York, New Haven 


& Hartford R. R.; the new East River bridge of the Long 
Island R. R.; the new Delaware River bridge of the 
Pennsylvania R. R.; the Schuylkill River bridge of the 
Baitimore & Ohio R. R.; the Athens, Pa., bridge of the 


Lehigh Valley R. R.; 
& Reading R. R.; 
gorge at Niagara Falls, 
on the railways in 


the Falls bridge of the Philadelphia 
the new cantilever bridge across the 
hundreds of other bridges 


which built in 


or the 


question have been 


whole or in part with “Giant’’ American Portland ce- 
ment. 
It involves certainly no more responsibility than such 


enormous dams as those 
tem, at Purdy’s, Carmel, 
and Bog Brook, 


of the 
Crafts, 
of the 
Dunning’s, Oak Run and Dunmore. It presents certainly 
no greater risk than the construction of the gigantic 
nel and power house at Niagara Falls. In traffic of pas 
sengers, in stress of moving loads, it can never compare 


New York aqueduct sys- 
Quaker Bridge 
Scranton Water Co., at 


Sodom 
or those 


tun 


with the great Broad St. station at Philadelphia, the 
Baltimore station and Jersey City terminal station of 
the vast Pennsylvania R. R. system, nor even in these 


elements can it compare with the Philadelphia & Reading 


R. R. terminal station at 12th and Market Sts., Phila- 
delphia. Certainly the travel, the jarring, the strains 
on the concrete masonry of the cable roads in Phila 
delphia, in Pittsburg, and the Ninth Ave., Lenox Ave. 
Lexington Ave. and 25d St. cable roads in New York will 
equal the anticipated travel and strain on a $125,000 bridge 


at Topeka, Kan. And yet all these important 
done almost exclusively with ‘Giant 
“so called,’ ‘“‘which it is not probable 


works were 
American Portland 
will meet the re 





of Cements. of 38 Brands of Cements. enough quirements” of a bridge in the great metropolis of Kansas 
h i of checking or disintegration. It shall th h to be noticeable al- As to tests, it is a well-known fact that American 
show no signs . u >¢ ° > a . > > . - mts . e specifi . 
require at least 30 minutes to develop initial set, under ough they are by no means the first or the Portland cements do meet all the specifications of the 
the same conditions as specified for natural cement. only specifications requiring such a test. In respect most exacting engineers and the fact that last year 
Hviuetten of coment 2 sa, i. in crous section, shall €e- to requirements for tensile strength, the specifica early 2% of the total consumption of Portland cemen 
Strength. 
Age. Ibs. per sq. in. . 
24 hours, in water after hard set.......... 175 Analyses of Portland Cements. 
7 days, 1 in air, 6 in water..... ° 450 Foreign. 
28 days, 1 in air, 27 in water. 550 : Sulphuric 
7 days, 1 in air, 6 in water, 1 cement to . By whom made. Kind Silica. Alumina. Iror Lime. Magnesia. Acid. 
standard quartz sand ............. 160 Canélot. Paris 8.22 2 88 61.40 90 7 
8 days, 1 in air, 27 in water, 1 cement to 3 , 7 mr 23 1&7 60.90 1.10 1.40 
standard quartz sand .........- co cccese §=620 47 50.64 0.97 1.78 
All cements shall meet such additional requirements »S4 60.08 0.88 4 
as to hot water, set, and chemical tests, as the Chief Henry Reid, London..........-Emgligh...... .-.cce eeces 60.00 1.00 1H 
Engineer may determine. The requirements for set may De Smedt, Washington........ Brook Shoobridge.. Me ae 57.68 Onl 0.60 
be modified where the conditions are such as to make it .....Alsen German. ‘ 59.98 0.38 0.26 
advisable. Richardson, Washington ....--. Knight, Bevan, English... 5.01 61.38 1.28 0.97 
All mortar is to be composed of 2 parts clean, sharp, vi . sc 
dry-screened tide-washed bar sand and 1 part of ce- Giant” 
ment. Mortar for pointing shall be mixed in proportion WN SONS faci cdc ck eek SS ack. Sinden 13.23 61.37 0.66 1.37 
of 1 part Portland cement to 1% parts of sand. Mor- NGS s | dbbibda sc 6S kha 1) 5de Nd beRb eens he daeee 8.07 4.83 59.28 1.00 50 
tar for grouting shall be mixed in the proportion EC isc cae es edavee de’ ,  eumecene nceuvaindae’s 12.10 60.13 1.00 ORT 


of 1 part of cement to 1 part of sand. A greater 
portion of cement shall be used when required. The 
ingredients, properly proportioned by measurement, 
must be thoroughly mixed dry in a tight box of suitable 
dimensions, and the proper amount of clean water added 
afterwards. No greater quantity is to be prepared than 
is required for immediate use, and any that has set shall 
not be retempered or used in any way. Mortar taken 
from the mixing box, and molded into briquettes 1 sq. 





tions of our correspondent are unusually severe. 
Interest will, we think, be attracted chiefly by 
the diagrams showing the results of compara- 
tive tests of American and European cements, as 
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in the United States was of American 
against only 13% five years ago, is the best proof of the 
matter in a business way, though it would be easy for 
American manufacturers to fill up much valuable space 
in your paper with dry tables of figures and diagrams 


manufacture, as 


4 


sile Strenath, ibs. persa in 


\ 
Te 


7 
Days 


6 a 
Months. Hrs 


Neat Cernent Paste 


FIG. 3.—D/AGRAM SHOWING COMPARATIVE TENSILE STRENGTHS OF AMERICAN AND EUROPEAN CEMENTS, AVERAGED FROM 9,000 TESTS OF 38 BRANDS OP CEMENTS 


in cross section, shall develop the following ultimate 
te tensile strengths: 


Strength. 
Age. Ibs. per sq. tn. 
7 days, 1 in air, 6 in water, 1 natural cement 
00:3 RRR £50 cabthn 2s deiwese .crenat ~ ae 
“8 days, 1 in air, 27 in water, 1 natural ce- 
MONE tO ZB GONG... .arccce cssccesceccces 
7 days, 1 in io a, 6 in water, 1 Portland ce- 
ment to 2 S chewed © SecweN eNeweees 
ee) = 1 , in air. 27 in water, 1 Portland ce- 


g & 





this is a question to which American engineers 
have been giving considerable attention lately. 
—Ed.) 


* 


American and European Pordand Cements. 


Sir: In the recently published specifications for the con- 
crete of the Melan arch bridge at Topeka, Kan., pub- 
lished in your issue of April \2, there appears the follow- 


to further prove that which the best engineers in the 
country already recognize as an established fact. 

Some tests published in the “‘Brickbuilder’ for May, 
1895, and copied in several of the engineering journals, 
in reply to a eriticism on American Portland cement, 
gave records of nearly 300,000 bbis. Giant American Port- 
land cement on seven of the most important pieces of 
work in the United States up to periods of five years, and 
were accompanied with the suggestion that some similar 
tables of foreign Portiand cements showing equal results 
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be furnished. Though months have passed no tests have 
yet appeared. Comment is unnecessary. So much for 
this branch of the question. 

Now, as to the words, ‘‘American natural Portlands (so 
called).’’ True, Portland cement is an artificial product. 
It is made by combining argillaceous and calcareous 
matortals in certain proportions and driving the result- 
ant product to incipient vitrifaction by the heat of a 
kiln, and subsequently grinding the clinker to powder. 
In England, clays are added to chalk, lias rocks to lime- 
stones; in Germany and Belgium, clays are added to 
maris or chalks, and limestones to clays; in France clays 
are added to chalks and also to limestones. In all these 
cases, the first step is to secure the raw materials, which, 
when combined, will, after calcination, give the proper 
analysis of a Portland cement. These secured and their 
proportions, established, the next step is to make a new 
stone, or form, out of these ingredients, so as to present 
a new artificial material of uniform character to the ele- 
ments of combustion. In all these cases, the broad pro- 
cess has been to mix the two ingredients carrying re- 
spectively, first, lime, and second, the silica and alumina 
in a raw condition with water; the material having prior 
to that state of the process been reduced to the condition 
of a fine pulp or powder, according to whether the grind- 
ing was in a wet or dry way. The material thus pro- 
duced, whether by wet grinding in the shape of a cream 
or paste, or by dry grinding in the shape of a mud, is 
either allowed to dry, or is dried artifically and is made 
into bricks, blocks, balls or other forms. This new ar- 
tificial stone or rock thus formed is composed of finely 
comminuted particles of lime, silica and alumina, all 
in close mechanical union. This being the process up to 
the kiln, it would seem, therefore, that there could be no 
difference between a brick composed of any of the various 
mixtures above referred to, provided that the silica, 
alumina and lime were present in proper quantities and 
in proper forms, Certainly the Topeka specifications make 
no distinction between foreign cements made of varying 
natural constituents. Now, American Portland cement 
is made at Warner's, Jordan and Wayland, New York, 
out of marl and clay, precisely similar to materials used 
in Europe. The process up to the moment of shipment 
is precisely the same as that practiced in the best mills 
I have visited this winter in Europe, and why American 
Portlands of this kind are given the name of ‘‘American 
natural Portland, so called,’’ I leave it to the author of 
the Topeka specification to answer, for they are just as 
much true Portlands as any in the world, 

As to the second and larger class of American Portland 
cements, which are made by combining limestones with 
argillaceous limestone rocks, as is the practice in the 
Lehigh District of Pennsylvania, the cement is certainly 
a true artificial Portland cement. If a true Portland 
cement can be made in Europe by combining two such 
varying materials in texture and weight as limestone 
and clay, or chalk and clay, it certainly can be made 
in America by combining two limestones of similar tex- 
tures and weights, but of varying constituency in ar- 
gillaceous matter. This is what is done in the Lehigh 
District. A laminated argillaceous limestone of sedi- 
mentary rather than igneous formation, may be taken to 
represent almost the sedimentary deposit or slurry formed 
by the settling of the chalk and clay in the “settling 
backs’’ of European works. To this limestone, which 
contains lime as well as the clayey (argillaceous) matter 
required, is added sufficient of another limestone, higher 
in calcareous matter to bring up the proper chemical 
proportions of lime. These two rocks are crushed and 
ground together, and their mechanical structure broken 
down and distributed into atoms or molecules, The pow- 
der is mixed with water and made into the form of bricks. 
The bricks are made up of small grains of powder, which, 
rearranged mechanically with the lime, silica and alumina 
that were formerly in separate laminae, or not thor- 
oughly mechanically combined, now brought in _ thor- 
ough mechanical combination, and ready in this new 
form of a new artificially made rock, to be acted upon 
in a chemical crucible, such as the kiln. Now such a 
material, made first by nature in a mechanically arranged 
natural rock, possessing nearly all the qualities of the 
sturry or composition formed by the settling of the chalk 
and clay mixtures in European works, and second, by 
man adding to and breaking down these natural rocks, 
and by fine grinding and careful mixing, maxing an even 
more mechanically perfect artificial rock or stone, must be 
the equal if not the superior of the foreign composition 
or slurry composed of chalk and clay. The rest of the 
process is alike, in America and in Europe, and the 
analyses here presented of Giant American Portland ce- 
ment, by leading authorities, in comparison with similar 
analyses of foreign brands, shows that no chemical dif- 
ference exists in the manufactured product of the Euro- 
pean or American works. 

Tried, therefore, in the crucible of practical use in the 
largest public works in the country; tested by all the 
leading engineers of the United States, under the most 
exacting specifications, American Portland cement has 
within the past 15 years won its way to the front rank. 
Similar in its chemical ingredients, identical in the meth- 
ods of its manufacture, alike in the artificial character 
of its preparation with the foreign cements, it is just as 
much entitled to be ‘“‘called’’ not “‘so called’’ an arti- 
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ficial Portland cement, as they are, unless in some mys- 
terious way the free air and free labor of America may 
be claimed to exercise some evil influence upon the chem- 
ical ingredients and convert them into some ‘‘so called” 
combination which the author of the Topeka specifica- 
tions does not name, and which so far is not described 
in any of the leading works of chemistry. 

We did not bid upon this specification for the good rea- 
son that we are not in the habit of “‘going to parties” 
when the host in his invitation intimates that we are not 
“expected.”’ 

Yours truly, 
American Cement Co., 


Robert W. Lesley, Vice-President. 
22 South 15th St., Philadelphia, Pa., May 2, 1896, 


Comparative Merits of American and Foreign Cements. 


Sir: Referring to your article and editorial in your issue 
of April 2, on the specifications for the Melan bridge 
to be built at Topeka, Kan., I would say that the Com- 
mercial Wood & Cement Co. bid on this work, guarantee- 
ing the Saylor’s American Portland cement to meet the 
specifications. Whether by the expression ‘‘so-called 
Portiand"’ some slur is meant to be cast on the Portland 
cements manufactured at Coplay, Pa., out of a mixture of 
argillaceous limestone and pure limestone, such as the 
Saylor’s and other brands made at that point, the writer 
does not know, but as about 70% of the Portland cement 
made in America is manufactured at or near this point 
from such materials; and very nearly all of the balance 
of the Portland cement made in this country is made 
from marl and clay, it seems more than likely that the 
author of these specifications had the former cements in 
view, when using this phrase. If this party had looked 
up the subject of manufacturing Portland cement from 
argillaceous limestone, he would probably not have used 
such a term. 

For the information of those not knowing what con- 
stitutes a Portland cement, I would say that the Asso- 
ciation of German Cement Manufacturers bind them- 
selves to the following declaration: 

The undersigned members of the Association of Ger- 
man Portland Cement Manufacturers bind themselves 
to produce under the name of Portland cement only 
such articles as are made by calcining a thorough mix- 
ture, consisting of calcareous and clayey substances and 
then grinding same to the fineness of flour. Any article 
made in a manner differing from the above method 
or to which during, or after burning, any substances 
have been added, is not considered by them as Portland 
cement and the sale of such product under the desig- 
nation of Portland cement is regarded by them as de- 
ceiving the purchaser. This declaration does not apply 
to such minor additions, which are made to regulate the 
setting time of Portland cement and which are permitted 
to the extent of 2%. 

Therefore, the term Portland cement means in a German 
factory a mixture of clayey substances—which contain sil- 
ica and alumina—with calcareous substances, which contain 
lime. The proportions of this mixture is about 3 of dime 
to 1 of silica, this composition to be calcined and ground, 
and it is exactly what the term Portland cement means 
in an American factory. 

In the winter of 1892-93, the writer visited the leading 
Portland cement factories in Europe and got samples of 
their raw materials, clinker and composition. The an- 
alysis of a few of them follow: 


Alumina 

and 
Silica. Lron. Lime 
Chalk or marl... 1.40 1.04 54.08 


*“‘Dyckerhoff" Factory, ! Clay............ 60.44 25.24 1.70 
RT sg ov cscus ves | Composition.... 15.32 8.00 41.00 
CUE. cc ancses 21.10 11.28 64.73 

I isi i geese5 2.98 6.28 50.44 

“Hanover” Factory, CREAR. sancesccces ane eeide naas 
A | Composition... .. 13.94 7.88 39.80 

| Clinker......... 21.17 14.31 61.51 

ey ee 3.36 2.68 62,34 

*«Germania’’ Factory, (| Clay............ saws i Rate iis 
Germany............ | Composition... .$13.42 5.96 41.98 
CRIBROP. 6. 6.6505 bait eee bia% 

CHORE. ectinens 3.24 1.2% 63.72 

“ Aalborg” Factory, 'Clay............ 47.94 16.36 15.43 
Denmark............ Com position.... 15.88 5.12 42.41 
(Clinker. ........ 23.20 10.55 63.9% 


“Saylor’s "" Factory. | argillaceous 
Coplay District, U.S.) Limestone.... 16.77 6.50 41.37 


(70% of the Portland Ce- | Limestone ..... 3.64 6152.93 
made in America is Composition.... 15.18 6.42 42.97 
made from the mate-! Cjinker......... 23.00 11.00 63.90 


rials in this District.) 


At the above factories located in these districts, after 
they have pulverized their materials, they are taken in 
such quantities as to make a good Portland cement com- 
position, and on what grounds is the term “so-called 
Portland’ applied to the cement manufactured from one 
set of these materials if it is not applicable to ali? 

The writer has gone into this matter, as the phrase ‘‘so- 
called Portland cement” is often used by the seller of 
foreign cement, who frequently knows nothing about the 
manufacture of his own cement, or any other cement for 
that matter, and it is only to belittle the American 
product, which is fast displacing the foreign cement on 
large engineering work in this country. The writer 
thinks, in the interest of fair play, that the use of this 
term, as applied to American Portland cement, should 
be stopped. 

As to the severity of the specifications, I would say that 
the strength required for the neat and sand mortar is 











Vol. XXXV. No. :» 


not unusual for first-class engineering work { 
delphia; in fact, they are not as high as many 
tions for private or city work. The specification: 
city work covers every barrel of Portland cem; 
whether it is for a small brick sewer or a larg: 
bridge; and in private and public work, where su.) 
cations are in force, the American Portland cer 
used almost exclusively. The fineness of 95”; 
a 10,000 mesh sieve is also not higher than has 
quired for the last three years on much of the » 
in this city, notably the additions to the Univ; 
Pensylvania, improvement of the Harrison proj: 
10th and Market Sts.; 10th and Filbert Sts., and | i 
Market Sts., in which work American Portland 
has been largely used. 

As to the hot-water test, that is nothing new 
in specifications, although little importance can 
tached to the results. It is a well-known fact t} 
very small addition of sulphate of lime a manuf, 
can make a cement pass the hot-water test, w! 
ment, previous to the addition of the sulphate, ; 
cracked badly in hot water, and the writer think 
most engineers and manufacturers will agree tha: 
cement was unsound before the addition of the su 
it was unsound after the addition of it, even tho 
then passes the hot-water test without cracking. 

The clause calling for not over 2% of magnesia ha 
appeared in specifications frequently, but the 
would like to know from the author of the Topeka | 
specifications on what data he bases his idea 
more than 2% of magnesia is harmful in a Port)inq 
cement? If a restriction of this kind was genera!!, 
sisted upon it would work more to the disadvantay, 
the foreign manufacturers than the American m 
facturers. The restriction of magnesia in a Portland 
ment seems to have originated with the German m 
facturers, who after considerable discussion on the effets 
of this material had the quantity allowable in Portland 
cement placed at 3%% by the Association of Geri: 
Cement Manufacturers, and then in order to ascertai: 
more than such an amount was detrimental a commi 
was appointed to investigate*the subject and make «x 
periments covering a period of five years. The committe« 
reported in 1895. A majority report signed by Dr. Schott 
Herr Meyer and Dr. Arendt was as follows: 

Our investigation in part, extending over a period of 
five years, failed to show an injurious effect of magnesia 
in Portland cement, in the composition of which maz 
nesia replaces an equivalent of lime. The presence of 
magnesia up to 8 or 10% causes no harmful expansion 
or cracking of the cement, even after several years. 

The minority report by Herr R. Dyckerhoff was sum 
marized as follows: 

The presence of magnesia up to 3% in a Portland ce- 
ment produces no change in its properties. From 4% 0: 
however, magnesia, if sintered, whether added or sub 
stituted for a part of the lime, has an injurious effect 
producing increased expansion and decreased strength 
after long periods. This injurious effect is the stronge: 
the higher the percentage of magnesia. If the cement is 
not sintered, however, a higher proportion of magnesia, 
even to 18%, may be harmless. 

Mr. Dyckerhoff, however, recommended that the allow 
able limit of magnesia in Portland cement be placed at 
5% instead of 3%%. The results of these experiments 
although not identical, prove at any rate that if an en- 
gineer places the limit of magnesia at 4%, which is 1)" 
more than the Topeka bridge specifications call for, he 
is well within the bounds of safety, and at the same tine 
would have larger competition for his work than if the 
limit was kept down to 2% of magnesia. 

Wm. G. Hartranft, 
V.-P. Commercial Wood & Cement Co 
Girard Building, Philadelphia, Pa., April 24, 1896. 





The Specifications for a New Water Supply fur Jersey 
City. 


Sir: It appears to me that in criticising the specifica 
tions for a new water supply for Jersey City in your 
your issue of April 30, you have failed to keep in mind 
that the city can only buy water, and cannot build wate: 
works. In order to proceed legally and successfully \' 
was important not to confuse this with building wate: 
works. My own opinion is that the proceeding should be 
regarded simply as a purchase of supplies in order | 
safely come under the law. This means only a specifica 
tion of quality of the water and the point of deliver) 
The city authorities were anxious, however, to go as fa! 
as they legally could to get such works as would mak: 
the option to purchase, which the law authorizes, a v'- 
uable privilege; consequently, the specifications we' 
drawn with this in view. My report to the Board, of whic) 
you have a copy, says: 

In preparing the specifications the fact that you ar 
purchasing water and not building water-works has bee 
kept in mind. The procurement of an option to purchase 
the works is clearly only an additional measure of preca 
tion and safeguard over what is already furnished | 
the laws. As I have said, it does not bind the city to ta 
these works if they are not built in a substantial and « 
ceptable manner, nor does it prevent the city from taki: 
them at a fair valuation, which may be determined at a: 
time in the future by due process of law. 

Please for a moment take the pésition of the contract’ 
He is simply called upon to furnish water to be paid f 
by the million gallons. The city does not and cannc’ 
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obligate itself to purchase. His financial support must be 
obtained, therefore, with a view to continued ownership 
of tho works, and under those circumstances any one who 
has 1 any experience with financiers knows that they. 
wou!’ prefer to and would probably insist upon, designing 
and ilding their own works as nearly as possible in 
the wn way. Hundreds of cities have obtained a supply 
iting a franchise to water companies, and in nearly 


y er 

_ ase you are aware that the water company has 
pre ed its own plans. This proceeding is analogous to 
tha .d has no similarity whatever to cases where the 
mun ipality builds with its own money. If you criticise 
this :.ethod of procedure, it is entirely unfair that you 
eri e the specifications. If there is any fault it rests 
with the legislature, as no other course is possible for us, 


as | have clearly stated in my report. Would you con- 
sider that I had any right whatever to proceed on lines 
which were legally impossible? Whether this is the most 
advantageous method of procedure or not is not a ques- 
tic 1 me to consider. I was not instructed to report 
propriety of existing legislation. 

| Lave stated that a year would be required to make 
née sary surveys and prepare such plans as would be 
to receive bids on. Being an engineer you know 
how specific such plans must be. No such specific plans 
are asked for from the bidder, since he is only to fur- 
nish pure water and provide safe delivery therefor. A 
number of companies have been competing during the 
jast four years for this contract, and all of them have 
their plans already prepared. Newark obtained a supply 
by contract in two years and six months, although on 
the signing of the contract there were no specific plans 
prepared, and even the source of supply was not specifi- 
cally designated in the contract. I mention this because 
it is the only precedent which we have to follow, and be- 
cause I believe that under its contract Newark will ob- 
tain entirely satisfactory water-works before their final 
acceptance by the city. 

As to the filtration specifications, you will find that I 


suitable 


made no recommendation that bids be asked for. What 
I do say in my report is as follows: 
These considerations are presented to make it clear 


to you that, while purification to a certain degree is 
possible there are doubts about the wisdom of committing 
your city to such a course, and if filtration is considered 
at this time at all, it should be under such circumstances 
as will relieve the city of the risk of financial loss through 
failure. These, also, are the reasons why I must report 
in favor of exhausting all reasonable means o; j;rocurirg 
a pure gravity supply from a distance on the lines indi- 
cated by specifications A and B. 

You also say that I ‘‘seem to be rather sceptical re- 
garding the merits of filtration anyway.'’ You will find 
from my report that the only scepticism which is ex- 
pressed therein is what is expressed by the Massachu- 
setts Board of Health and their Consulting Engineer, 
Mr. Davis, in reporting on the Metropolitan Water Sup- 
ply. I cannot understand why I have been charged with 
being an enemy of filtration, and why you should join 
in this charge. I believe that filtration has its use, and 
there are cases where I have recommen:led it, but my po- 
sition in regard to the Jersey City supply is that that 
is not one of these cases, and the reason therefor I lave 
expressed in my report. The Passaic has, above Belle- 
ville, a drainage area of some 900 square miles, and of 
this about one-half is on the gneissic highlands, the sup- 
ply therefrom being of excellent quality. The other half, 
being the lower part of the watershed, is on the red 
sandstone, and has enormous areas of flat and wet lands 
embracing a total of some 30,000 acres. It is an agri- 
cultural country, and is becoming densely populated. 
Within 50 years it would be about one-half a_ city. 
The only reason that the Passaic water has ever been 
tolerable is because of its pure highland branches. When 
these are diverted we will have left a stream which, like 
all the red sandstone streams, is inferior in quality fiom 
natural causes. In addition to this it must always be 
seriously polluted, even should the collected sewage be 
discharged by intercepting sewers. There is no way in 
which Jersey City can protect itself from this diversion 
of the pure head-waters. It will always be an extremely 
dificult thing to prove that there is any scarcity of 
water at Belleville from the fact that the stream there 
is tidal; moreover, the diversion of the water, while it 
will seriously affect the quality of the water at Belleville, 
cannot be blamed for what will be directly chargeable 
to pollution by surrounding cities. No matter what may 
be said by those who advocate filtration under all cir- 
cumstances, good and bad, I maintain that no city 
should ever draw its supply from a source in the midst 
of another large city, or group of cities. 

You will find, however, that I do point out that filtra- 
Uon may be useful to Jersey City under certain conditions, 
but my point is that attempts to procure a pure gravity 
supply should not yet be abandoned, and that for the 
present filtration legally must and should be placed on 
the same plane with gravity bids. In a recent issue your 
journal pointed out the probable superiority of a pure 
gravity supply over a filter supply. 

I quote as follows from my report: 


We willingly admit that, in view of the obstacles which 
surround and impede your efforts to procure that sup- 
ply of pure bs which your cit oe a filtra- 

on may possibly yet prove to offer at least a 
solution of the problem. which you might wish to a 
yourselves ef, 
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And again I say ‘“‘that filtration is possible, and that 

the Passaic water could be greatly improved thereby 
does not admit of question."’ These quotations should be 
sufficient to show you that I had no intention “to put a 
permanent quietus on all plans for filtration, while pre- 
tending to yield to the public demand for a filter supply.’ 
Il am decidedly of the opinion that there is no public de- 
mand for a filtered supply, and I do not know where you 
obtained the idea that there is. There has been a clamor 
for something of the kind, but you should satisfy your- 
self that, outside of a handful of honest advocates, that 
clamor does not mean either obstruction pure and sim- 
ple, or an agitation in the interest of some corporation. 
There is nothing more absurd than the view which many 
take on this question, that there is a unanimous desire 
to proceed on the part of the water monopolies. Some of 
them do not desire any steps to be taken for procuring 4 
new supply for very good reasons, and to be misled into 
the belief that all obstructive attempts are in the inter- 
the people City, and all constructive 
efforts are in the behalf of the water monopolies betrays 
lack of familiarity with the real situation. 

You say further that ‘any one familiar with filtration 
knows that filtered water has never been supplied on this 
basis, and therefore no one stands ready with the neces- 
sary experience to enter into such a contract.” You re- 
fer to supplying filtered water by the million gallons, 
which is the only course open to us under the law, as I 
have repeatedly said. Your statement would have applied 
exactly to the furnishing of water to Newark from any 
source or under any conditions in 18S¥, when the con- 
tract was made by that city, and to-day that is the only 
important instance where water has been procured in this 
manner, and yet it was procured in that way at that 
time. I cannot understand why you should apply such a 
criticism in any case, as it is a criticism only of the state 
legislature, and should not be applied to the specifications. 

Mechanical filtration, you should kuow, was intention- 
ally excluded. (We so stated last week, saying of the 
manufacturers of mechanical filters, “they are carefully 
excluded by the terms of the specifications.”"—Ed.) It 
may have its uses, and | have no doubt that it has, but 
common sense dictates that it should not be applied to 
the purification of this badly polluted water. 

Your criticism as to the chemical standard in the filtra- 
tion specification is certainly not justified. It ought to 
be evident that under the conditions of the specification, 
the purification of the water being the contractor's pur- 
pose, he should be called on to maintain the water at some 
safe standard measured by the ordinary tests of chemists 
and bacteriologists. The fact that he cannot predict what 
the condition of the water will be 25 years hence 1s 
merely a criticism of the whole attempt to purify this 
water, and agrees with my position throughout. The 
paragraph headed ‘Pollution Must be Prevented” in the 
other specifications could not apply to this because that 
does not contemplate any process of purification, and 
the condition of the gathering grounds is a matter for 
examination at any time, so that sources of pollution can 
be readily detected and the contractor required to remove 
them. In this case it is known that the supply is, and 
will probably continue to be badly polluted, so that such 
an inspection would be of no earthly use. You might 
criticise the requirement that the number of bacteria 
shall be stated. My own opinion is that this test is con- 
siderably over-rated in importance, as it is rather the 
kind than the number which we have to dread, and in the 
present state of science it is extremely doubtful if identi- 
fication of the harmful kinds can be made with certainty. 
So your criticism might go on ad infinitum. If you go 
back to the starting point, however, and read my report 
to the Board carefully, and take account of all the 
conditions as they actually exist, with many of the de- 
tails of a technical and legal nature which have devel- 
oped during the course of this attempt to procure water, 
1 think you will find that the specifications represent a 
careful and honest effort to solve a very difficult problem. 
It is apparent from your criticism that you are fully 
aware that we are proceeding without precedent, but in 
some way you seem disposed to blame the city authori- 
ties and myself for this state of affairs. I do not ex- 
pect you to suggest a definite and feasible method of 
procedure which would fit the circumstances, as you are 
not employed for that purpose, but I think if you at- 
tempted to do so I would find it easier to criticise you 
than I have found it to prepare these specifications. The 
position of Jersey City is entirely novel and unusual, 
and neither the city authorities nor myself can be held 
responsible for this. I am satisfied that you have not 
fully taken account of this fact in preparing your criti- 
cism. 


ests of of Jersey 


Yours truly, 
71 Broadway, New York, May 4, 1896. 


c. C. Vermeule. 


(Mr. Vermeule has had unusual opportunities 
to become familiar with many features of the 
water situation in Jersey City. He is author of 
the valuable report on water supply, issued last 
year by the New Jersey Geological Survey. He 


was engineer for one of the informal bidders for 
a water supply for Jersey City a year ago. Last 
fall he was employed by the city to assist it in 
upholding the award of a contract for a new 
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supply to the Jersey City Water Co. The declara 


tion by the Court that this award was invalid 
resulted in the new call for bids, and Mr. Ver 
meule is now employed as engineer for the pro 
posed new supply 

Mr. Vermeule is therefore qualified te discuss 
the limitations under which the city must secure 
a new supply, and we gladly give space to his 
ideas on the subject. This we do the more readily 
because the communication indicates that in his 


opinion 
specifications 


our criticisms of some his 

should be addressed, if at all 
against the legal conditions to which he attributes 
them, rather than against the specifications them 
selves, 


We see 


features of 


no reason for modifying our criticisms 
of the gravity specifications, further than to say 
that we did not intend to blame Mr. Vermeule for 
circumstances over which he had no _ control 


and we may add that perhaps the seeming help 
lessness of Jersey City in this matter should be 
laid on her local authorities rather than the State 
Legislature. 

The granting of franchises for complete 
works systems, cited Mr 
logous to the proposed Jersey 
mostly confined to small towns, and 
some of the results obtained under this plan, as 
well as the experiences thus far had and yit to 
be expected under the Newark contract, which j 
similar to that under discussion, might well serv: 
as warnings of how not to, instead of how to. do it 

Mr. Vermeule urges in justification of the short 
time allowed for preparing bids that several con 
tractors have had plans for a 
ready for some time past. 


Water 
by Vermeule as 


City 


ana 
contract, is 


cities and 


gravity 
This may be one rea 
son for the vagueness of the gravity specifications 
but we do not see how it makes it any more pos 
sible for other contractors to bid intelligently 
under either the gravity or filtration 
tions. 


supply 


specifica- 


Regarding the specifications for filtration. we 
are still of the opinion that no bona fide bids can 
be expected under them. If the local conditions 
are such as to render any other plan for a filtered 
supply impracticable, if filtered Passaic 
water is undesirable, and if, as Mr. Vermeul 
urges, there is no real public demand for filtration 
why ask for bids for such a plant? But if filtra 
tion bids are to be invited, and if they 
solicited on the million-gallon basis, we see no 
reason for asking contractors to enter into ab 
surd and impossible 
amounts of chlorine 
supply. 
ditions 


tiver 


must be 


guarantees regarding the 
and nitrates in the filtered 
We pointed out last week that these con 
rendered the specification for filtrat'on 
farcical, but Mr. Vermeule does not allude to this 
matter further than to say that our “criticism 
as to the chemical standard in the filtration spe 
ification is certainly not justified,” and then go 
on to urge the necessity of standards of purity 
We did not object to proper standards of purity 
but to the impropriety of some of those actually 
laid down. 

Not only are some of these standards inexplic- 
able, but the of the time for 
preparing filtration bids is equally so. It needs no 
detailed argument to show that 19 days is alto- 
gether too short a time to select a site and make 
plans and estimates for a 35,000,000-gallon filte: 
plant, with a low and high lift pumping station 
and extensive pipe lines; to determine the charac- 
ter of the water in question with sufficient cer- 
tainty to design the plant and to guarantee the 
results for 25 years; to estimate the price at 
which water can be furnished or the plant sold 
outright; and last, but not least, to make the nec- 
essary financial arrangements. 

Regarding mechanical filtration Mr. Vermeule 
makes the following sweeping assertion: 


shortness allowed 


It may have its uses, and I have no doubt that it has 
but common sense dictates that it should not be applied 
to the purification of this badly polluted water. 

No grounds are given for this opinion, nor any- 
thing to indicate why a guarantee of the results 
from mechanical filtration backed by a bond for 
$500,000, as required by the specifications would 
not be as good during the next 25 years as a like 
guarantee for sand filtration.—Ed.) 

‘eeesaeite 


Notes and Queries. 
By a printer's error, the name of the Terry & Tench 
Corstruction Co,, the contractors for the erection of 
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the new Harlem River drawbridge, for the New York 
Central & Hudson River R. R., was misspelled in cur de- 
scription of that structure in our last issue, it being 
printed as the Terry & Trench Construction Co, 
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THE ST. PAUL BUILDING, NEW YORK CITY. 


In the construction of very lofty buildings New 
York city is now rivaling Chicago, as is evident by 
many of the structures now completed or in course 
of erection in this city, and this style of construc- 
tion is still on the increase in spite of the very 
reasonable objections by architects and others 
fer aesthetic and sanitary reasons. The proverty 





Fig. 1.—St. Paul Building, New York City. 
George B. Post, Architect. 


owners, however, demand the greatest possible 
rentable space on their ground area, and this de- 
mand will continue to be met until some legisla- 
tive action is taken to restrict the height of build- 
ings. 

We illustrate this week the St. Paul Building, 
which is now being erected on the site of the old 
Herald Building, and which will fortunately 
front upon the wide, open space in front of the 
Post Office, at the junction of Park Row and 
Broadway. The architectural design of the build- 
ing will thus be seen to advantage, while Broad- 
way will not be seriously affected by the height, 
although Ann St. (which is very narrow) will be 
entirely overshadowed. The design of the buiid- 
ing, as shown by the elevation in Fig. 1, is severe- 
ly simple and yet strong, and it is notably free 
from petty’ details and ornaments which, in such 
a building, are not seen to advantage and only 
serve to mar the general appearance. Such de- 
tails are unfortunately too often employed by ar- 
chitects, who evidently do ot grasp the prin- 
ciples of treatment required for a lofty and nar- 
row front. The building will be about 313 ft. 
high from the curb line, and will have a base- 
ment, sub-cellar, 25 stories, and an attic lighted 
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by skylights. It will be faced entirely with yel- 
low Indiana limestone, which will give a light and 
cheerful appearance to the structure. Work was 
commenced in the summer of 1895, and it is ex- 
pected that the building will be ready for occu- 
pancy during the autumn of 1896. The building 
was designed entirely by Mr. Geo. B. Post, of New 
York, the eminent architect (who has designed 
a number of the other large buildings in the busi- 
ness section of New York), and we are indebted to 
him for plans and information used in the prep- 
aration of this article. 

One of the most important considerations for a 
structure of this kind is the character of the 
foundation to be adopted, not only on account of 
the weight (and many tall office buildings of the 
modern style of construction have weights con- 
siderably less than those of older but smaller 
buildings), but on account of the serious effects 
of any unequal settlement which might cause the 
upper part of the building to overlap the property 
line, while a third important question is that of 
cost. “Since an office building is intended to be a 
yemuncrative investment it is essential that the 
architect should consider his design from a com- 
mercial as well as a constructional point of view, 
and select a foundation system which will in- 
volve the minimum expenditure of time and 
money in securing a reasonable degree of safety 
and permanence. Borings made on the site of 
the St. Paul Building showed that the rock lay 
at a depth of about 86 ft. 6 ins. below the curb 
line, and was almost level. The overlying mate- 
rial is a clean, compact sand, almost free from 
clay, and very firm, the character being uniform 
for the whole depth. A test well was sunk and 
pumped out daily for five or six weeks, in order 
to establish the level of the ground water, and 
this was found to be 32 ft. below the curb, corre- 
sponding very closely with the level of high tide 
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sults in these actual cases are more ya)); 
proof of the reliability of the foundation, 
any experiments could be. 

It may be noted here that the Americ, 
Society Building, described and illustrat: 
issue of Dec. 27, 1894, is built upon a 
sand foundation, but has piles, about 15 
driven over the entire area of the foundat; 
capped by concrete. In view of the disty 
of the sand by driving the piles, and th: 
upon tLe skin friction of the piles as a sus; 
power, it is considered by some engineers 
case of the construction of foundations })\ 
matic or hydraulic caissons in an adjac; 
there would be more liability of a move: 
the sand (by disturhance due to air «) 
escaping from the caisson work and per 
through the sand) than if the building rvs 
a flat foundation. 

Various foundatiom systems were consi: 
the St. Paul Building, and estimates of th: 
were prepared, and it was found that th. 
son system would involve a very heavy ex 
and would materially increase the time i 
for the completion of the building, and thes: 
tions had to be taken into account in thei: 
mercial relation to the total cost of the new 
ing and the loss of rent during the period . 
erection. The sand at the site of the building 
found to be remarkably clean and compact 
through which water would percolate but s| 
the sand being so compact as to cause the t 
ing and destruction of the auger boring nt 
(which was preferred by Mr. Post to water jet 
boring, as being more reliable than the latt 
It was also found that by occupying a suffi 
area of the surface of the sand, the bott 
loads from the foundation could be reduced + 
a trifle over 3 tons per sq. ft., which it will be 
seen is considerably less than that of other build- 
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FIG. 2.--DETAILS OF STRUCTURAL IRONWORK OF THE ST. PAUL BUILDING; SHOWING COLUMN, GIRDER 
AND FLOOR BEAM CONNECTIONS, AND PORTAL ARCH WIND-BRACING. 


in the East River and the Hudson River. Sim- 
ilar conditions exist in several parts of New York 
city, and many of the large and heavy buildings 
in the vicinity of the St. Paul Building are 
founded on this sand formation, and the founda- 
tions have proved thoroughly substantial and per- 
manent. These buildings include the World, 
Mail & Express, Temple Court, Vanderbilt, Tri- 
bune, Times and Potter buildings, and the pon- 
derous structure of the New York Post Office. 
Some of these impose bottom loads of 4% to 544 
tons per sq. ft. (while the World Building has an 
eccentric loading which gives over 4 tons per sq. 
ft. under the east front wall). They show no set- 
tlement, and the successful and satisfactory re- 


ings in the same neighborhood, already noted 
It was, therefore, decided to place a flat founda- 
tion on the sand at the level of the ground water; 
this latter provision preventing any injurious 
current of water through the sand (from springs 
sewers or a broken water main, etc.), which might 
wash away the sand from under a foundation 
above the level of the ground water. The was!- 
ing away of sand from below the present founca- 
tion could only be effected by pumping from we''s 
or tubes on adjoining property, and this would 
not be permitted by law. The excavation w«s, 
therefore, carried down about 31 ft. 6 ins. belu 
the curb, reaching a very compact sand, and th's 
was at once covered with ins, of concrete, ©° 
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as to prevent any disturbance of the solid sand 
pelow. Upon this was built the concrete and iron 
grillase foundation. 


In order to assure himself of the security of this 


foundation, Mr. Post requested two eminent en- 
gineers (Mr. Charles Macdonald, M. Am. Soc. C. 
E., and Mr. Theodore Cooper, M. Am. Soc. C. 
£.), to test and report to him the bearing capac- 
ity of the soil. To do this a hole about 14 ins. 
sq. at the bottom (that is, at the surface of the 
was cut through the concrete at the south 


sand’: 

a the lot. A sample of the sand was taken 
ard found te contain about 3%, of clay. The sand 
was, of course, saturated with water, being below 
the level of the ground water. A yellow pine 
timber 12*12 ins., full section, 14 ft. long, and 
planed to exactly 12 x12 ins. (or 1 sq. ft.) at the 


end, was then placed vertically upon the sand 
bottom, being guided vertically and fitted with 
a loading platform. The weight of the timber 
and the platform was estimated at 1,500 Ibs., 
and with this initial pressure upon the soil a gage 
mark was made and referred to a mark on a 
bracket attached to the neighboring building, to 
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settlement would be caused by an adjacent cut 
through the concrete floor, giving vent to the 
underlying material. A hole, similar in size to 
the first one, and about 4% ft. from it, ec. to c., 
was then cut through the concrete, and completed 
by 4 p. m., April 13. There being no evidence of 
motion under this new condition by 2:30 p. m., 
April 14, eleven buckets of water were poured 
into the test hole, filling it to a depth of about 
21 ins. In a few minutes the increased moisture 
of the sand at the second hole gave evidence of 
the passage of water through the sand. While 
the test hole was filled with water, the loaded 
platform was strongly and repeatedly pushed on 
one corner in order to set up oscillation, and the 
load was left until the next day. At 2:30 p. m., 
on April 15, there being no evidences of the least 
change, both holes were filled with water and left 
until 2:30 p..m., April 16. As it was then found 
that there was no movement of the loaded stick 
and no raising of the sand in the 
the test was discontinued. 

The engineers, therefore, reported that they con- 
sidered the foundation entirely safe, and that 


second hole, 
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part would carry 5.2 tons per sq. ft. (on the bot 
tom of the foundation), which latter loading was 
estimated by Mr. Post, 
produce a settlement of 5 in., or 
what more. In consequence of the great height 
and small base area of the building, its steel 
structural frame must necessarily be made ex- 
tremely rigid in order to provide for wind strains 
and other lateral Ary uneven settle- 
ment of such a rigid framework would cause it 
to be severely strained, and means had, therefore, 
to be considered for taking up any unequal set- 
tlement and preserving the integrity of the brac- 
ing. It therefore, determined to make the 
steel column bases of such shape that hydrauli 
jacks could be inserted under the 
that columns upon tne party wall foundation 
could be jacked up, have the packing plates re 
moved from between each column and 
and then be lowered so as to correspond with the 


from past experience, to 
perhaps some 


stresses. 


was, 


columns, 80 


its base, 


settlement of the columns carrying heavier loads 
Should the subsequent loading of this foundation 















cause these columns to settle more than the 
others, they would be jacked up again and the 
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FIG. 3.—FLOOR PLAN OF FOURTH STORY OF THE ST. PAUL BUILDING. 


which all depressions were afterward referred. 
The loading of the platform was then commenced, 
no care being taken to put the weights on slowly 
or gently, nor to avoid oscillation, but on the 
contrary, the load was frequently shaken. The 
loads were also left in place for days at a time. 
The results of the tests were as follows: 


Time, 1896. Loot, Be Depression, ins. 


March 26,1:10p.m.. ..... 1, Ag 
Se eee .. 4,000 % 
Bi Oy seks. eae 6,000 3-16 
March 37, 19h  <..6n <aee ee 3-16 
Se ne hheew -. 10,000 5-16 
March 28,12 noon.. ...... -» 10,000 og 
: - 10,000 % 
13,000 15-32 
13,000 9-16 
- 13,000 19-32 
13,000 19-32 
13,000 19-32 
13,000 19-32 
13,000 19-32 
13,000 19-32 





remained stationary 


even under oscillations, eight buckets of water 
were poured into the hole, filling it to a depth of 
about 15 ins., and the load was then set in oscil- 
latory motion. As this load of 6% net tons was 
sustained without change under these conditions, 
it was decided to see what effect in producing 


a similar building could be built on the adjacent 
property without difficulty if the work is carried 
on properly and with reasonable caution. 

Upon the 12-in. concrete floor is the actual 
foundation floor, consisting of I-beams of proper 
dimensions, arranged in horizontal groups with 
reference to the column loads. These are firmly 
united by separators and tie-rods, and are laid 
as close together as possible, allowing room for 
ramming cement concrete between them to form 
a solid mass. This grillage extends over nearly 
the entire area of the lot, and upon it are lines of 
cross girders, the dimensions of which are pro- 
portioned to transmit the loads of the column 
bases to the grillage. The bending moments 
of both grillage and girders were carefully com- 
puted, and all eccentric loading of the founda- 
tion is avoided. 

It was at first proposed to construct a joint 
foundation on the line of the party wall, to carry 
the adjacent wall of any new building subse- 
quently erected on the site of the present Park 
National Bank Building. With such an arrange- 
ment, this part of the foundation would carry 
only 1.6 tons per sq. ft. (until such time as the 
other building might be erected), while the other 





packing plates be reinserted. This arrangement 
would also permit the straightening of the build- 
ing in the unlikely event of any unequal settle- 
ment causing it to lean slightly over the adjoining 
lot (and a very slight inclination would be serious 
in a height of 313 ft.), so as to interfere with the 
erection of another tall building in that lot. 

As a matter of fact, it was eventually decided to 
build entirely independent foundations, and the 
provision for adjusting the settlement of the col- 
umns wasrendered unnecessary. Thecolumn bases, 
however, had already been designed and ordered, 
and as there was no reason why they should not 
be used, even though the use of jacks would 
probably never be necessary, they were used in 
the work. 

The structural framework consists of columns 
of box section, with arch portal bracing in cer- 
tain panels, and with floor systems of I-beams. 
The main columns, one of which is shown in Fig. 
1, are built up of two heavy steel channels, set 
back to back, and two plates riveted to the 
flanges of the channels. They are made in two- 
story lengths, with the splice joints staggered, so 
that in each story there are joints only in alter- 
nate columns. The details of columns and 
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connections vary with the size and location of 
the column, but the typical plan of construction 
is as shown in Fig. 2. The main floor beams are 
in pairs, separated by the width of the column, 
and each beam rests upon a bracket, A, riveted 
to the side of the column. By this arrangement 
all loads are transmitted axially through the col- 
umn. At the outer wall of the building the floor 
beams extend beyond the columns, forming canti- 
levers, which carry the masonry of the walls, the 
walls being supported at each floor by the beams 
connecting the ends of the cantilevers. Gusset 
plates above and below the cantilevers serve as 
wind bracing. On each floor there is a system of 
wind bracing by pertal arches, as shown; while 
between the fifth and sixth floors there is a sys- 
tem of vertical diagonal bracing between the col- 
umns. The main floor beams are principally 
15-in. I-beams, with smaller transverse I-beams 
riveted to their webs. The steel for columns was 
specified to be of “medium” grade, with an elas- 
tic limit of not less than 30,000 Ibs. per sq. in.; 
a minimum elongation of 22% in 8 ins., and to 
pend cold 180° flat on itself over a mandril of 114 
times the diameter of the piece tested without 
showing sign of rupture of fiber on either surface. 

It will be noticed by the section in Fig. 2, and 
the floor plan in Fig. 3, that the columns are not 
built into the exterior walls and inclosed by 
them (as is the common practice in steel skele- 
ton construction), but are placed beyond the inner 
lines of these walls, the masonry being carried by 
cantilevers as above described. Mr. Post does 
not consider it good practice to embed the steel 
work in the masonry, where it cannot be inspected 
as to its condition after a term of years of ser- 
vice. One reason for this is that there is yet no 
reliable or sufficient experience as to the life of or 
changes in steel thus embedded in concrete or 
masonry, and another reason is the practical im- 
possibility of keeping water away from steel so 
situated. Water from a broken water main or 
other source flowing against the foundation ma- 
sonry will gradually penetrate the masonry, and 
no amount of waterproofing or protective paint 
will serve to absolutely protect the steel when 
moisture has once passed through the masonry. 
During the construction of the Mills Building, 
the walls of which are of hard burned pressed 
red brick, laid in Rosendale cement mortar, a 
heavy northeast storm driving against the re- 
entrant angle of the walls perpendicular to the 
Wall St. and Broad St. fronts, caused the rain to 
pass through the masonry (which is 4 ft. to 5 ft. 
thick at the angle). Columns embedded in the 
masonry are also more likely to be affected by the 
heat from adjacent burning buildings. 

In the St. Paul Building, therefore, the wall or 
abutment columns are placed 6 ins. clear from the 
inner face of the wall. Each column is encased 
in hard burned porous (or sawdust) terra cotta 
fire proof tiling, 4 ins. thick, and the outer spaces 
between the channel webs and the fireproofing 
are filled with cement mortar. Outside the fire- 
proof tiling, between it and the outer wall are 
laid two courses of heavy tarred felt. 

The steel work is given two coats of graphite 
paint at the shops, and another coat after erec- 
tion. This is a special paint, and is composed of 
a good graphite, best linseed oil, and first-class 
Japan varnish as a drier. Besides this, all the 
steel work below the ground surface is heavily 
coated with asphalt. By the above arrangement 
of columns, independent of the walls, any signs 
of failure after, perhaps, 50 or 60 years’ service, 
will be made evident by the cracking or bend- 
ing of the work, as steel is not likely to crack 
short off like a pipe stem. In such a case the col- 
umns can be readily stripped for examination for 
tracture or corrosion, and if found defective can 
be removed and replaced with a new section. 
This arrangement was originally planned for this 
building, but has also been employed by Mr. 
Post in the Havemeyer stores, in the Meyer Jon- 
asson building, at the corner of Broadway and 
12th St., and (with some modifications) in the 
Park Building, at Pittsburg, Pa. 

The floors are of hollow tile. This material is 
preferred on account of its lateral strength and 
resistance to other forms of floor, which, though 
advantageous in lightness of weight, are rela- 
tively strong and rigid only in a vertical direc- 
tion. 
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The floor plan, Fig. 3, shows the arrangement 
of the main floor system, and the layout of the 
offices, and the solid and glazed partitions, door- 
ways and plumbing. There are six elevators 
arranged in a segmental well, and one of these 
will be for carrying safes and other heavy furni- 
ture. The open space shown behind the eleva- 
tor well or shaft will contain the hoisting appar- 
atus for the six cages. At the back of the build- 
ing are the smoke-stack shaft and the stairway, 
and on each floor there are two closets, one at 
the back of the building and the other next to 
the elevator shaft. 

The owner of the property and building is Mr. 
H, O. Havemeyer. The architect and engineer is 
Mr. Geo. B. Post, and the contractors are Robin- 
son & Wallace, of New York, while the structural 
work is being built and erected by J. B. & J. M. 
Cornell, of New York. 
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THE DULUTH, WINNIPEG & HUDSON BAY CO. 
is the ambitious title of an enterprise now being pro- 
moted in Duluth, having for its object an inland water- 


- way from Duluth to Hudson Bay. The plans call for some 


astonishingly heavy engineering work; including a tunnel 
through the Mesaba Range and a rise of 627 [t. between 
Duluth and Rice Lake. The cost is estimated at $18,00),- 
000 and ‘“‘national and state aid is to be asked for.’’ it 
will doubtless be needed. The Bessemer iron ore to be 
found in tunnelling the Mesaba Range is expected to assist 
in defraying the cost of construction; and electr.city 
generated by water power would be utilized in operating 


the canal. 
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ANOTHER CAPE COD CANAL PROJECT is em- 
bodied in a report of the Massachusetts Senate recom- 
mending the incorporation of the Massachusetts Maritime 
Co., having for its object the building of a canal across 
Cape Ccd by the Bass River route, with a capital of 
$6,000,000. 
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THE RIVER AND HARBOR BILL, as finally amended 
by the U. S. Senate, carries an appropriation of $12,444,- 
550. The total of improvements, placed under the contract 
system and to be provided for by future appropriations, is 
now $60,225,613. 

> 

THE FORTIFICATION BILL, prepared by the House 
Appropriations Committee and presented to Congress, 
authorizes a total expenditure of $11,394,613, with $5,- 
842,337 for specific appropriations and the remainder to 
cover contracts to be made by the War Department. The 
principal items are gun and mortar batteries, $5,260,000; 
sites for fortifications, $250,000; repair of fortifications, 
$50,000; harbor defense torpedoes, $100,000; armament 
for forts, $5,502,875. This last item covers the imme- 
diate manufacture or purchase of 12 8-in., 18 10-in., 18 
2-in. and one 16-in. high-power coast defense guns, to 
cost not exceeding $1.332,068. Other items under this 
head cover 81 gun carriages for 8-in., 10-in. and 12-in. 
guns; 60 12-in. steel mortars and carriages; deck-piercing 
and armor-piercing projectiles, etc. It is estimated that 
52 8-in., 62 10-in. and 43 12-in. guns will be completed 
by June 30, 1897. 
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NEEDED IMPROVEMENTS TO THE PHILADELPHIA 
gas works are the subject of a recent report by Mr. 
Thomas M. Thompson, Director of Public Works, to Mr. 
Jacob J. Leeds, Chairman of Council’s Committee on 
Finance. Mr. Thompson estimates that an expenditure of 
$1,500,000 in improvements needed to bring the works 
up to date would result in an annual saving of $600,000 
through reduced cost of operation and diminished leakage. 
With these improvements gas could be furnished to pri- 
vate concerns at 75 cts. per 1,000 ft., provided the city 
would pay for the gas consumed for public purposes. The 
bulk of the expenditure for needed improvements would 
be for new mains and holders. 

OIL GAS LIGHTING FOR CABLE CARS is to be in- 
troduced on the Westport line at Kansas City, Mo., the 
Pintsch compressed oil gas system being employed. 

—_-_-——_ -@- --- --—_—— 

NATURAL GAS is still quite abundant in the vicinity of 
Pittsburg, according to the annual report of the Phila- 
delphia Co. The gross earnings of the company for the 
year ending March 31, wer $1,311,669.96; operating ex- 
penses, $926,898.90, leaving net earnings $384,771.06, or 
about 4% on the assets, which amount to $9,517,266.83. 
Dividends amounting to $150,000 were paid during the 
year. The operating expenses include $267,600.27 for 
new gas wells, $65,588.65 for new oil wells, and $83,- 
850.11 for prospecting. In addition to the operating ex- 
penses charged against earnings, a new line to West 
Virginia was constructed, costing $814,854.82, of which 
the Chartiers Valley Gas Co. pays $200,026.44, leaving 
$605,827.58 for the Philadelphia Co. to pay. During the 
year 88 wells were drilled, of which 48 produced gers, 15 
oil, and 22 were non-productive. The total number of 
gas wells owned by the company is 297, with 36 oil wells, 
producing a daily average of 300 barrels of oil per day. 
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The discovery of natural gas in large quantities 
Co», Pa., and in Wetzel and Tyler counties, w, 
it advantageous for the company to spend so 
surplus to continue a supply of natural gas, a, n- 
sequence nothing has been done towards the « 
the proposed fuel gas plant on Brunotsland. |; 
the opportunity to the Philadelphia Co. to aws 
sult of experiments on fuel gas vy otner partic 
proceeding with its own plant. 
ine > adits 

THE LARGEST CHIMNEY in this country 
been erected by the Pennsylvania Salt Mfg. Co. N 
trona, Pa. It is made of steel plates, and is 200 - “a 
41% ft. in diameter at the base and 281, ; = 
top. It is lined with fire brick. It is used to carry yy, 
xmoke and objectionable chemical Vapors made eg 
works, - 
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THE CITY ORGANIZATION’S FILTRATIO> 
mittee of Philadelphia is to continue the fight 
water in that city. It is composed of representa 
24 business, reform, educational, engineering and ot} 
associations or institutions, and its sole object is i 
the filtration of the city’s water supply. 
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THE PAPER PULP PAVING made at Topeka 
is appearing on the market in competition w); 
paving materials. Bids were recently received {., 
15 miles of sidewalk paving, and Mr. W. }. En 


OM 


other 
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inventor of the paper pulp paving, bid 7.2 cts. ; s« 

ft. The contract was awarded, however, to a bida: a 

offered vitrified brick paving at 5.4 cts. per sq. ft 
—_————o——_— 

THE PARA-MANAOS ELECTRIC CABLE, for co: 
ing these two Brazilian cities by way of the bed o: the 
Amazon River has just been laid by the cabiwe-si 
“Faraday.’’ The length of the cable is 1,400 mik 
its estimated cost, ready for operation, is $1,050,000 
Brazilian government has given the company a bonus of 
$85,000 per year for 30 years and at the expiration of 
that time the ownership of the cable reverts to Brazil 
The importance of better communication between these 
two centers of the rubber traffic is the incentive in this 
enterprise; and all previous attempts to maintain aeria! 
electric lines have failed owing to the rapidity of tropical 
growth and the interference of monkeys and other auvi- 
mals. , 
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THE HUNGARIAN NATIONAL EXHIBITION, at Bud 
apest, was formally opened on May 2, and will continue 
until Sept. 27. This exhibition is to celebrate the milien 
nial anniversary of the nation, and will be largely of a 
historical character. 
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A UNIVERSAL CENSUS is proposed for the year 19 
and the proposition was discussed at the meeting of the 
International Statistical Institute, at Berne. A commit 
tee is to be appointed by the institute which is to advise 
as to the most convenient date for the census, and to 
determine and formulate important questions of general 
interest, leaving each country to supplement these as 
they deem fit. The terms to be used in the census papers 
should also be accurately defined, so as to avoid am- 
biguity and to obtain identical results; and, most impor- 
tant of all, the committee is to offer suggestions as to 
the best means of obtaining united action in several 
countries. This committee is to report at the next meet- 
ing of the institute in 1897. 

(itimntnnasnapandeiiis 

IMMIGRANTS TO THE UNITED STATES, in the 25 
years, 1871-1895, inclusive, numbered 10,339,539, ac- 
cording to the last report of the U. S. Bureau of Statis- 
tics. Of this number 33.75% were females. From the 
British Kingdom came 2,956,259, nearly one-half being 
Irishmen; Germany, Austria and the Netherlands sent 
3,078,469; of the Latin races the immigrants num- 
bered 877,634; Scandinavians, 1,151,210; Bohemians, Hun- 
garians, Poles and Russians, 986,676; and the total of 
Europeans for the 25 years was 9,197,014. In addition 
to these, Chinese and other Asiatic races contributed 
227,087; British North America supplied 776,071 up tw 
1885, since which time they were not reported, and immi- 
grants from Central and South America, the Atlantic 
and Pacific Islands and other countries not named above 
make up the balance. The population of the United 
States by the 1870 census was 38,558,371; in 1895 it was 
69,753,000; showing an increase of 31,194,629 in 25 years, 
with 33.15% of this increase foreign-born. 
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AN APPARATUS FOR ATTACHING STAMPS to en- 
velopes has heen patented by Fritz Gauger, Jr., of Zurich, 
Switzerland. It is simply a rectangular box fitted to hold 
200 stamps, piled one on the other gummed side down, 
with two little hooks at the bottom holding the stamps i2 
place. A pad is provided for moistening the stamps, and 
a downward pressure on the vertical handle of the box 
releases the two hooks and pastes down one stamp. It is 
claimed that with this apparatus envelopes can be stamped 
at the rate of 1,200 to 1500 per hour. For general use & 
special stand is provided carrying boxes for three or 
more valves of stamps with the mofstening pad in front. 
Mr. Joseph H. Nevel, of Zurich, is the agent for America. 











